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This research examines how key household water and sanitation indicators can
predict poverty using data from a Kathmandu household survey.  I found that water and 
sanitation indicators were able to correctly identify 68% of households using a strict poverty 
standard developed from income, expenditure, and asset data, and 73% of households using a 
similar but slightly less strict poverty standard.  Adding a household indicator (the type of 
cooking fuel used by the household) to the water and sanitation indicators increased the 
amount of correctly assessed households to 73% with the strict standard and 77% with the 
less strict standard.  I also examine the affect water and sanitation indicators have on the 
ability of asset indices to predict poverty.  I found that the addition of two water and 
sanitation indicators to the asset index did not increase its ability to predict poverty based on 
income and expenditure data.
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Almost half – 2.8 billion – of the world’s 6 billion people live on less that $2 a day, 
and a fifth – 1.2 billion – live on less than $1 a day.  (World Bank 2000 and Shah 2005)  The 
first goal of the Millennium Development Goals is to “Eradicate extreme poverty and 
hunger.”  This is to be done by reaching two targets: first, to “Halve, between 1990 and 2015, 
the proportion of people whose income is less that $1 a day” and second, to “Halve, between 
1990 and 2015, the proportion of people who suffer from hunger” (UN Millennium Project). 
In order to accomplish the Millennium Development goal of poverty reduction, it is 
necessary to determine who the poor are.  In his book “Poverty and Famines”, Amatrya Sen 
(1981) states: “Much about poverty is obvious enough.  One does not need elaborate criteria, 
cunning measurement, or probing analysis, to recognize raw poverty and to understand its 
antecedents.” He goes on to say: “But not everything about poverty is quite so simple.  Even 
the identification of the poor and the diagnosis of poverty may be far from obvious when we 
move away from extreme and raw poverty.”  It is easy to walk down the street in a large city 
and take notice of a poor homeless person; however, for practitioners working to eradicate 
poverty in developing countries, the task of identifying families or households who are poor 
is much more complicated.  
2Although identifying the poor becomes more difficult when one is not confronted 
with extreme poverty, there are indicators that are usually associated with being poor.  Some 
of these indicators would be considered the “basic needs” concept of poverty, where poverty 
is defined as the “deprivation of requirements, mainly material for meeting basic human 
needs” (Lok-Dessallien 1998).  Some of those requirements include shelter, access to 
medical facilities, schooling, employment, and access to safe drinking water and improved 
sanitation facilities.  Surprisingly, however, poverty assessments generally do not include 
using indicators to determine whether or not a household is poor.
Poverty can be measured a number of different ways. For example, an analyst can 
use:
(1) the amount of money a household or individual earns (income data);
(2) the amount a household or individual spends (expenditure data);
(3) the number and type of assets a household or individual possesses compared to other 
households (asset data), and 
(4) participatory assessment where communities assess their own state of welfare.  
Each of these metrics has pros and cons with regards to the cost of data collection, 
ability to effectively target the poor, the amount of time required to make an assessment, and 
the technological or statistical resources that must be available to conduct the assessment.
Billions of dollars are spent each year trying to improve the livelihood of the world’s 
impoverished.  A large amount of the money used for poverty alleviation programs such as
nutrition improvement, vaccinations, water and sanitation, education, HIV/AIDS, and family 
planning programs is misdirected to the well-to-do or not-so-poor in developing countries 
and sometimes only a small amount of the money set aside for these programs has any effect 
3on the poor.  Two reasons for this are governmental corruption and the inability to correctly 
identify the poor (UNDP 2000).
Even when the poor are effectively targeted, poverty-reduction policies often fail 
where there is “water poverty”.  Besides being essential for life, water is fundamental for 
economic development (Sullivan 2002).  Improvements in water supply can have several 
direct economical benefits including increased health and time savings as well as indirect 
benefits such as increased income as a result of increased productivity.  However, if 
improved sanitation facilities are not present these benefits may not be realized (Briscoe and 
De Ferranti 1998).  According to Sullivan (2002), as much as half of the world’s population 
may lack adequate water for basic sanitation and hygiene.  This represents an enormous area 
for further work.  Because water and sanitation are so central to development and also play a 
large part of the “basic needs” concept of poverty I chose to conduct this research project. 
1.2 Purpose of this project
The purpose of this project is to explore the possibility of using indicator variables 
such as a household’s water and sanitation facilities to assess poverty. This project attempts 
to answer the following questions: 1. Can easily identifiable household water and sanitation 
characteristics be used for ex-ante evaluations to identify who the poor are in order to 
improve poverty targeting and decrease assessment costs?  2. Should household water and 
sanitation characteristics be included in asset indices?
These questions will be answered by accomplishing the main objectives of this 
project as outlined below.      
41. Give an overview and discuss the advantages and disadvantages of the common 
methods that are used to assess poverty.
2. Introduce a case study of the water and sanitation system in Kathmandu, Nepal and 
discuss how water and sanitation variables can be used to assess poverty.
3. Develop a low-cost method of poverty assessment that can be used in developing 
countries to quickly and accurately identify the poor, i.e. select household water and 
sanitation characteristics based on the Kathmandu case study that can be used as a 
proxy for poverty.
4. Compare the newly developed method to a poverty standard based on income, 
expenditure, asset, and self perception data from a household survey of Kathmandu, 
Nepal. Discuss what type of errors to expect (errors of inclusion and exclusion) when 
using water and sanitation to assess poverty.
5. Construct asset indices with and without water and sanitation indicators using the data 
from the Kathmandu case study, and determine which index has a higher correlation 
with the income, expenditure, and self perception data.  
This project will focus on the ability of using water and sanitation to correctly 
identify poor households based on a poverty standard that is a combination of income-poor, 
expenditure-poor, and asset-poor households, as well as households that perceive themselves 
as being poor.  Although this project compares poverty assessment methods, this analysis is 
not used to recommend the best method to assess poverty, but to determine if water and 
sanitation could be used as a quick, inexpensive, accurate, and robust method to assess a 
household’s poverty level.  
51.3 Why this research is important
There are several reasons why this research should be conducted.  The first reason is 
to reduce the cost and increase the accuracy of poverty assessments.  Development 
organizations spend a large amount of money on methods to assess poverty.  Of the methods 
used today to measure poverty, the majority of them are expensive and time consuming.  For 
example, costs of the Living Standard Measurement Surveys (LSMS) generally range from 
between $150 and $250 per household and have been estimated as high as $700 (Zeller 
2004), actual project costs have run from $200,000 to $3 million (Grosh and Glewwe 1998).  
Other assessment instruments range from very expensive and time-consuming surveys that 
collect income and expenditure data, to intricate health surveys and surveys that collect asset 
data.  Although some of these methods are more expensive and more time demanding than 
others, a quick, accurate, and inexpensive method to measure poverty still does not exist.
Because the costs of poverty assessment are high, development organizations are 
continuously in search of efficient, cost-effective methods to determine which households or 
individuals are the poorest.
Besides the cost associated with long in-depth income and expenditure surveys, there 
is still argument as to how accurately they actually measure poverty, and whether 
income/expenditure data are the right yardstick with which to measure poverty (Deaton 
2001).  Thus far practitioners in development organizations have used income, expenditures, 
participatory methods, and assets to try and successfully identify the poor; however, because 
there is no definitive way to discover who is actually “poor,” we still do not know where the 
truth lies.  By identifying poor households based on their lack of water and sanitation i.e. 
6using the “basic needs” concept of poverty by itself or along with other methods of assessing 
poverty is one way to effectively target poor households and see that anti-poverty programs 
actually reach the poor.
If this project shows that water and sanitation indicators can be used to assess poverty 
then project poverty assessment costs can be greatly reduced.  Instead of conducting long and 
expensive household surveys where respondents can give incorrect information that results in 
less accuracy; researchers, practitioners, development organizations, and government 
agencies can use simple water and sanitation indicators to asses poverty that require only a 
few minutes to asses were very little if any response will be solicited from the household.  
In addition to drastically reducing the survey time associated with poverty 
assessment, further cost savings could be realized when a few households are surveyed in 
every neighborhood to determine which neighborhoods are below the poverty standard.  This 
would of course be contingent on the basis that the neighborhood is homogeneous.  However, 
if poverty assessment was needed at the household level, using water and sanitation 
indicators would be much less time consuming then the traditional methods of soliciting 
income, expenditure, and asset data.
The second reason this research is crucial is because development agencies or 
practitioners in the field do not always have access to LSMS or other data collected by the 
World Bank or the specific country (Deaton 2002).  According to Deaton (2002) access to 
data used in poverty headcounts has improved. The data however are often not available to 
independent researchers or agencies outside the World Bank.  
The third reason this research should be conducted is because development 
organizations, governments, and other practitioners target poor areas.  Using a simple tool 
7such as key household water and sanitation indicators would help these poverty relief 
organization accurately target poor neighborhoods, without having to rely on more expensive 
and time consuming methods of poverty assessment.  In some developing regions, such as 
Africa, where there are high country-to-city migration rates, squatter settlements pop up 
around the outskirts of the city and development organizations can easily identify the poor 
communities.  In Kathmandu and other similar cities such as Sana, the largest city in Yemen, 
the migrating poor are quickly absorbed into the city and are difficult to identify (Lauria 
2006).  In these migrant-absorbing cities, using simple water and sanitation indicators could 
be very useful in identifying and targeting the poor.  By knowing which neighborhoods are 
poor, practitioners could more effectively target poor households and aid in poverty relief.
1.4 Methodological approach  
The first objective will be met by reviewing the literature and evaluating each of the 
current methods that are used to assess poverty.  I will also summarize the advantages and 
disadvantages associated with using each method.  
The second objective will be accomplished by analyzing and organizing the data from 
a household survey that was conducted in Kathmandu, Nepal, and presenting a representation
of the water and sanitation situation among households that are not connected to the 
municipal water supply in Kathmandu.  The data will also be studied and used to show the 
attitudes and perceptions of households using different water and sanitation facilities as well 
as the costs and uses of the different water sources and sanitation facilities. 
The third objective will be accomplished by analyzing the data from the Kathmandu 
case study and testing the water and sanitation indicators that are selected against two 
8poverty standards.  The poverty standards will be used to insure that the households that are 
classified as being poor actually are poor. This will be done by constructing poverty 
standards using the lower 20% of households based on income, expenditure, asset, and self 
perception data.  
The water and sanitation indicators will be selected based on two criteria . The first is 
that the indicators must be easily observable and verifiable, and require very little interaction 
with the household’s respondent.  This is so the assessment will be very short, hopefully less 
than 5 minutes.  The second criterion is that the water and sanitation indicators must be able 
to predict poverty well enough so that the organizations implementing the poverty reduction 
programs are able to spend less money using water and sanitation indicators to predict 
poverty than they would if they used the more established poverty assessment methods.  I.e. 
there is a certain level where it would be cheaper to use water and sanitation indicators to 
predict poverty even thought they do not correctly identify all poor and non-poor households 
so that part of the money spent on the poverty reduction program would actually go to non-
poor households.  Although it is difficult to say at what level it would be more beneficial to 
the practitioner to use water and sanitation indicators to predict poverty over the more 
established methods, I will test and discuss the use of water and sanitation indicators to 
predict poverty based on predicting poverty at the household level and at the community 
level to get a better understanding of the consequences of using water and sanitation to 
predict poverty.
The fourth objective will be met by constructing inclusion-exclusion tables and Venn 
diagrams to that show how using water and sanitation indicators of poverty compares with 
the poverty standards created using income, expenditure, asset, and self perception data.
9The fifth objective will be accomplished by using income, expenditure, and asset data 
from the Kathmandu case study to compare an asset index constructed from the Kathmandu 
case study data to income and expenditure data.  Two asset indices will be used, one index 
that includes water and sanitation indicators and one that does not.  Both indices will be 
compared to income and expenditure data to see how the addition of water and sanitation 
effects the correlation of the asset index to the income and expenditure data.
1.5 Organization of the Paper
This thesis is organized as follows:  Chapter 2 is a literature review of the current 
methods that are used to assess poverty.  Chapter 3 is my approach to answering the 
questions of this thesis.  Chapter 4 is a case study of water and sanitation practices in 
Kathmandu, Nepal.  Chapter 5 consists of the results or findings of this project.  Chapter 6 is
recommendations and discussion based on my findings, and a discussion of future work that 
could be done to improve poverty assessment. Chapter 7is the appendix, and Chapter 8 is a 
list of the references used throughout this paper.
Chapter 2
Literature Review
This literature review will discuss the major topics dealing with the subject of this 
project – Can water, sanitation and other household characteristics be used to track poverty? 
How do these poverty indicators track poverty compared to the alternative methods such as 
income, expenditures, assets, and self perception?  I will cover the following topics:
• An explanation/definition of poverty 
• General problems with measuring poverty
• An overview of the different techniques used to measure poverty, including 
advantages, disadvantages, and data and technical needs 
• The main articles on poverty assessment summarized 
2.1 What is poverty?  
For most people it is easy to visualize poverty.  However when asked what would 
qualify an individual or household as poor it is hard to come up with easily measurable 
criteria that effectively describe all of the poor.  There are several definitions of poverty,
according to the Copenhagen Declaration, absolute poverty is “a condition characterized by 
sever deprivation of basic human needs, including food, safe drinking water, sanitation 
facilities, health, shelter, education and information.”  The World Bank uses the definition of 
“extreme poverty” as those people who live on less that US$ 1 a day, and “poverty” as less 
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than $3 a day.  According to the World Bank, of the 6 billion people in the world “2.8 billion 
–a fifth–live on less than $1a day” (World Bank 2000).  The first goal of The Millennium 
Development Goals is to eradicate extreme poverty and hunger.  Target 1 indicates the need 
to “Halve, between 1990 and 2015, the proportion of people whose income is less that $1 a 
day” (UN Millennium Project).  This is an admirable goal and certainly identifies who the 
poor are, however it is difficult to determine who makes less that $1 a day, especially in 
developing countries. 
2.2 General Problems with Poverty Measurements
2.2.1 Headcount Measure
When the Millennium Development Goals state that they want to cut in half the 
“proportion of people whose income is less that $1 a day” (UN Millennium Project), they are 
using what Sen describes as a “Head-count measure” also known as the “head-count index” 
(Sullivan 2002).  The headcount measure is the most commonly used measure of poverty.  
There are two main problems with the headcount measure.  First, it does not tell you how far 
below the poverty line incomes of the poor are.  For example, if the income of all the poor 
was reduced, the proportion of people below the poverty line would be unchanged.  Second, 
it does not tell you the distribution of incomes of the poor.  For example, if one poor person 
transfers money to another poor person the head-count will not change.  Because the 
headcount does not consider the amount of income shortfall, it does not distinguish between 
those who lie just below the poverty line from those “in acute misery and hunger” (Sen 
1981).  This can be a problem because policies that are implemented to reduce poverty may 
12
seem to be working because they are affecting those people who are just below the poverty 
line, but have no affect on the very poor.  
Prichett (2003) and Sillers (2005) also make the point that those who are not counted 
as being poor are counted as being “non-poor”.  While the development arena makes a 
definite distinction between these two groups, living conditions between them are generally 
not drastically different.  Therefore, although the headcount measure is useful as a 
benchmark for evaluation it should be taken with a grain of salt and other factors such as the 
Gini coefficient, (the distribution of income/expenditures among the poor, for example when 
all the poor have the same income the Gini coefficient is equal to zero), and the poverty gap 
(the aggregate shortfall of the average income of the poor from the poverty line) should also 
be considered (Sen 1981).
2.2.2 Purchasing Power Parity
Another aspect of measuring poverty that often creates inaccuracies and adds another 
degree of error (and confusion) to the poverty equation is that of purchasing power parity 
(PPP).  One way to compare income and expenditure data from one country to another is to 
use PPP.  The idea of PPP is fairly straight forward.  If we start with a bundle of goods that 
represents the poverty line in the base country and price it out for other countries relative to 
the base country we would have an example of the purchasing power parity exchange rates.  
The actual equivalent line in 1993 PPP is about $1.08 a day (in 1993 prices); this is the 
median of the lowest ten poverty lines i.e. the poorest 10 countries in the sample, used by 
Ravallion et al. (1991).  Sillers (2005) gives an illustration of how PPP and normal exchange 
rates differ. He states “at official exchange rates, per capita income in Angola and India was 
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$710 and $470, respectively in 2002.  In international dollars, per capita income for the same 
year was estimated at PPP$1,840 and PPP$2,650, respectively.”  This illustrated how 
countries can be below the $2/day poverty line when using normal exchange rates but appear 
to be much better off when the PPP exchange rate is used.  
There are several problems with PPP, however, that make it less useful.  First, 
because goods consumed around the world are not all the same, it is difficult to compare a 
standardized bundle of goods.  If rice is the staple in one country and beans are the staple in 
another country, it is difficult to make comparisons between the two.  Second, when 
comparing one country to another country multipliers are frequently introduced.  Often times 
these multipliers are arbitrary or a best guess.  When several countries are compared in turn 
to one another, there is a large degree of error and questionable results are produced (UNDP 
2000).  
There are also some non-computational problems with PPP.  Because constructing 
PPPs is a major undertaking, not all countries have done it.  In those cases where a country 
has not done it, a regression procedure is typically used.  This is done by adjusting the 
countries official exchange rate by an amount that is similar to the adjustment that was 
necessary to another country with similar level of development for which original PPP 
exchange rates are available.  Because the regression procedure uses data from similar 
countries and not the country for which the PPP is being estimated more error is introduced.  
According to Deaton (2003), in some cases the World Bank “has published PPPs and 
associated poverty rates that were clearly incorrect.”  Another problem is that PPPs are 
updated from time to time (first calculated in 1985, then updated in 1993) and poverty rates 
can change considerably when a new PPP is used.  There is also the question of whether 
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PPPs are relevant for the poor.  A bundle of goods used to figure PPP may be an “average” 
bundle of goods for an “average” person, however, a poor person would generally not 
purchase the same bundle of goods.  For example, if the bundle of goods included a car, the 
PPP would be much different than if it did not, and the majority of poor people in developing 
countries cannot afford cars (Deaton 2003 and Sillers 2005).  The average poor person also 
spends much less than the non-poor; therefore, the poor receive less weight when calculating 
PPP (Sillers 2005).  Using PPP is one of the several steps that is used to link the $1/day
extreme poverty rate with country data which according to Sillers (2005) requires “serious 
compromises to bridge the gap between the kind of data needed to provide definitive answers 
and the data actually available.”
2.2.3 Difference in National Accounts and Survey Data
Generally there are two classes of data that are used to measure poverty: national 
accounts and household surveys.  National Accounts also known as National Income or 
Product Accounts (NIPA) contain many key aggregate variables used to describe an 
economy.  National Income is represented by “the total amount of money that factors of 
production earn during the course of a year” which includes payments of wages, rents, profits 
and interest to workers and owners of capital and property.  The national product or national 
output is represented by “the market value of all goods and services produced by firms in a 
country”.  The national product is equal to the value of aggregate income or national income 
(Suranovic 2001).  The second class of data, survey data, includes every household or 
individual survey that is conducted by the government, the World Bank, US AID or any 
other organization.  
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The problem with these two classes of data is that when they are used to measure 
poverty they do not produce the same results.  Generally average consumption is lower from 
household surveys than from NIPA, This is true in India as well as the US.  NIPA data have 
at least two advantages over household surveys. First, they are perceived (at least by analysts 
in the industrialized countries) as being more reliable than data from household surveys 
because they are more likely to be standardized across countries. Second, NIPA data are 
available from virtually all countries (Deaton 2003). 
Besides these advantages that NIPA have over household surveys, there are also some 
well-known problems with household surveys in general.  The first problem that could be the 
cause of lower average consumption from household surveys is the fact that rich people are 
often more difficult to survey (Sillers 2005).  Rich people in developed and developing 
countries frequently live in gated communities where surveyors are not permitted to go.  
When surveyors do reach rich households, the households often refuse to participate and may 
send a servant to speak to the surveyor. This problem however may be offset by the inability 
to reach the poor who do not have houses, for example street people or beggars. Deaton 
(2001, 2003) reports that statistical offices typically under sample poor areas. In fact, in some 
countries, such as Korea, for many years surveys were confined to urban areas, which caused 
accuracy to suffer.  Also, timing of visits can have a large impact on reported income, 
especially in farming areas.   This can be caused by the household being surveyed in the off 
season (before planting) when they are asked about current income.  In this case the income 
from farming will not be counted. 
Recall period is another factor that contributes to survey measurement error.  It has 
been well documented that the recall period (the amount of time households are asked about) 
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has a large influence on income and expenditure results.  Deaton (2003) reports that in most 
circumstances a shorter reporting period yields larger reported expenditures or income.
Along with these problems, which are common to all surveys in general, there are 
also problems that make household surveys difficult and sometimes impossible to compare to 
each other.  The quality of household surveys varies from country to country.  While some 
countries have a reputation of always producing high quality household surveys (for example 
India and Indonesia), there are also some countries that do not have such a great reputation 
(Deaton 2003).  Besides the level of effort put into conducting the surveys by different 
countries, there are other factors such as differences in survey methods (for instance 
questionnaire design) that play a big part in the quality and reliability of the survey (Chen 
and Ravallion 2000).  It is sometimes difficult to monitor the level of poverty in a country 
because the household surveys used to do so are conducted infrequently, gather less than 
adequate kinds and amount of data, and are subject to different levels of country statistical 
teams, in some countries the statistical teams may lack the skills/experience necessary to 
design, conduct, and analyze a household survey (Sillers 2005).  
Although the NIPA is considered superior by many westerners, there are also 
problems associated with it.  Often times in developing countries statistical offices do not 
have access to accurate data on production or imports and exports.  These offices generally 
compute domestic consumption using some type of “fudge factor” or “multiplier” which 
leads to the final total being a residual and not a direct measurement of consumption (Deaton 
2003).  Seers (1983) points out that there is great difficulty in capturing “informal” 
(including, but not limited to illegal) activities that generate income which causes the GDP as 
measured to be overstated.  Deaton (2003) calls this the “Al Capone” effect because although 
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the authorities could not prove that Capone was involved in illegal activities, they could 
prove that his reported income was less than his expenditures (Deaton 2003).
Although there are several things that the NIPA include that are not included in the 
household surveys, Deaton (2003) argues that the household surveys are a better measure of 
poverty.  This is because items that are included in the NIPA and excluded from the 
household surveys are generally not consumed by the poor, therefore the poverty measures 
from the surveys are more appropriate for poor households and those from the NIPA are less 
appropriate.  Although National Accounts have many important uses, measuring the poor is 
not one of them.  To get a good measure of poverty it is necessary to get direct estimates 
through household surveys (Deaton 2003 and Sillers 2005).
A comparison of NIPA and household survey data by Sillers (2005) shows that 
according to household survey data, respectable progress has been made at reaching the 
MDG of reducing poverty by half. In fact, according to NIPA data, the MDG of poverty 
reduction had already been reached in 2001.  This shows the large difference in the outcome 
that is produced when using different types of data to measure poverty, and demonstrates 
how important it is to choose the correct poverty measurement.
2.3 Methods of Poverty Measurement
In this section I will give a description of the methods most commonly used to 
measure poverty.  I will review each method based on the following criteria: cost, accuracy, 
frequency of data collection/current use, and data and technical needs. I will also mention 
some of the problems associated with each method.  
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2.3.1 How is income used to measure poverty?
To use income to measure poverty, a poverty line must be established.  This is done 
by determining the amount of money required to purchase everything that is needed for an 
individual or family to live.  For example, the cost of basic food needs (the cost of a 
nutritional basket considered minimal for the health of a typical family) with a provision 
added for nonfood needs (shelter, clothes, fuel, etc) (Coudouel et al. 2002).  .  The World 
Bank poverty line of US$ 1/day is based on the average poverty lines of the 10 poorest 
countries (Zeller 2004).  That poverty line can be used in other countries by using the 
purchasing power parity (PPP). As explained earlier, the PPP is the exchange rate used to 
convert the purchasing power into different currencies, based on the price of goods and 
services in that country.
Income is generally measured at the household level and not the individual level.  
Because most people live in households or families the poverty line of US$ 1 a day is most 
often calculated for a family of five (two adults and three children).  In countries where 
households are larger than this, there will be economies of scale within the household in 
terms of providing necessities to members, and a researcher may want to adjust her poverty 
measure to reflect a larger family size.  There are several method to do this, including using 
an equivalence scales for children such as 1 child equaling half or three-fourths of an adult. 
However, there is no unanimously accepted method for doing this (Zeller 2004 and Coudouel 
et al. 2002).    
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Cost
Generally there is a high cost associated with accurate income data.  One of the main 
tools used to obtain income measures in developing countries is the Living Standard 
Measurement Surveys (LSMS).  This survey covers a wide range of topics.  The full-scale
LSMS takes six to eight hours of interview time, and generally costs between $150 and $250 
per household (Zeller 2004).  Grosh and Glewwe (1998) state that project costs have run 
form $200,000 to $3 million with the average being about $75,000.  Lok-Dessallien (1998) 
estimates the cost of conducting a LSMS survey to be approximately $700,000 and adds that 
the cost depends on sample size.  This can be a major disadvantage of conducting the survey 
to developing countries unless the survey is being funded by a development organization 
such as the World Bank or USAID.  
In defense of the LSMS, although it is expensive to conduct, they are used for several 
different functions, only one of which is poverty assessment.  According to Grosh and 
Glewwe (1996) LSMS surveys are also used for developing “new methods for monitoring 
progress in raising levels of living, to identify the consequences for households of current 
and proposed government policies, and to improve communications between survey 
statisticians, analysts, and policymakers” as well as “measuring the impact of adult mortality 
(largely due to AIDS) on … households and for estimating the cost-effectiveness of various 
policies related to prevention and management of AIDS.”  The data collected in LSMS 
surveys are very comprehensive and complete.  In fact, the first two LSMS surveys 
conducted in 1985-1986 are still being used today for research.   
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Accuracy
In developed countries as well as lesser developed countries income levels do not
always measure the direct and indirect costs of working.  Such as the cost of work
(opportunity costs such as transporation to work and daycare for children), the effect of 
health status, the cost of health care, taxes, and other non-monetary benefits from 
government and other sources (Bauman 1998).  Morris et al. (2000) also note that income 
data are likely to contain a large amount of error because households are reluctant to reveal 
income data to a stranger, and even if they are forthcoming, if a portion of income comes 
from self-employed members of the household, the respondents are not likely to have the 
data.
Another problem that reduces the accuracy of income surveys is the amount of time 
for which households are required to report income data.  For example, when using income 
or expenditure data as an indicator of poverty, households are asked to think back and 
remember how much they made, or how much they spent.  This often leads to errors because 
households have several opportunities to give wrong answers.  There is a chance that the 
household could remember incorrectly, they could report inflated income amounts hoping to 
be perceived as being more wealthy than they actually are; they could report deflated income 
amounts hoping to be perceived as less wealthy (perhaps expecting to be the recipients of aid 
based on a new policy); and they may not count the total income of the household but rather 
just that of the main bread winner.  Although some of these problems can be fixed with the 
training of enumerators, some cannot.  Deaton (2003) concludes that “income tends to be so 
poorly measured (and typically understated) in surveys in poor countries that the only 
ultimately satisfactory solution is to switch to consumption surveys”.
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Sillers (2005) argues that income surveys inherently contain more errors than 
expenditure surveys because of the difficulty associated the measuring income.  Deaton 
(2003) also states that accuracy of poverty assessments is a bigger problem in Latin America 
because the majority of surveys conducted in Latin America use income data to measure 
poverty.
Also having an effect on the accuracy of income measurements; income measures do 
not take into account changes in living standards over time (i.e. high fluctuations in income 
cause distortions in estimates of long term wealth), and income measures do not adjust for 
geographic differences in the cost of living (Bauman 1998 and Zeller 2004).  
 Some social scientists and economists argue that income surveys do not accurately 
measure poverty because many of the main surveys used by development organizations such 
as the World Bank and USAID only measure income-defined poverty; and poverty includes 
several other factors such as health, education, legal rights, nutrition, housing, intra-
household distribution, etc (Zeller 2004). 
 Lastly, according to Montgomery et al. (2000), households in developing countries 
“often draw their incomes from multiple sources that can change from year to year and even 
from season to season.”  It is difficult to measure primary and secondary income, and the 
nature of payment for each adult in the household i.e. payments in cash or goods and 
services.  Costs to family farms and businesses must also be considered.  Any one year’s 
income may not represent the overall longer time span in which demographic decisions are 
made.
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Frequency of data collection/current use
Income data are widely collected in most developing countries.  It is still the measure 
of choice in Latin America (Deaton 2003).  One of the most common income surveys, the 
Living Standard Measurement Surveys (LSMS) have been applied in at least 30 countries 
and in every region of the world (Zeller 2004).  Other surveys that also collect income data 
are also used frequently, one of these is the Social Dimensions of Adjustment – Integrated 
Household Surveys (SDA-IS 
Data Needs and Technical needs/ ease of measurement
According to Zeller, “The LSMS makes significant demands on a statistical office’s 
infrastructure and requires sophisticated organization and management capacity, as well as 
good data entry equipment and a reliable travel infrastructure.  Depending upon the 
experience of the statistical office, preparation can take between 6 and 18 months…the 
typical administration of an LSMS thus takes between two and three years.”  With such high 
demands, income data are the most difficult to obtain and analyze effectively.
Other Issues
As mentioned earlier, the biggest advantage of using income as an indicator for 
poverty is based on the assessment tool used, the Living Standard Measurement Surveys 
(LSMS). Because the LSMS has been applied in at least 30 countries and in every region of 
the world, and because the LSMS shows great consistency between countries, it can be used 
for inter-country comparisons which otherwise are difficult to do (Zeller 2004).
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2.3.2 How are expenditure data used to measure poverty?
Expenditure data are collected with many of the same tools as income data and are 
also used much like income data.  In the literature that analyses poverty assessment tools, 
income and expenditure data are often analyzed together.  They also share many of the same 
advantages and disadvantages.  Both define household wealth in monetary terms; however 
there are also several differences that make using household expenditures the preferred 
measure of poverty assessment among development practitioners.
Cost
The cost of collecting expenditure data can vary depending on the instrument used to 
collect it.  If the World Bank is collecting expenditure data along with income data using the 
LSMS then the cost will be high and unaffordable to developing countries unless backed by 
another institution (Sahn and Stifel 2003).   However, there are also simpler surveys (for 
example the Priority Survey PLUS) that measure expenditures and do not measure income 
that are much less expensive to conduct than the full scale LSMS (Zeller 2004).  
Accuracy
Most economists agree that expenditure data (as a proxy for income) is a more 
accurate and robust measure of actual long term wealth (or poverty) in developing countries 
than income data (Zeller 2004).  According to Montgomery et al. (2000) “Household 
consumption expenditures are preferred to measures of income on some theoretical grounds, 
and consumption data are somewhat easier to gather.”
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Although many economists agree that expenditure data are generally more accurate, 
Ferguson et al. (2002) argue that when expenditure surveys are available they usually require 
long time-consuming modules that are extremely detailed and complex which often result in 
data that are laden with measurement error and are subject to reporting biases.
As mentioned previously, one aspect of expenditure data that effect accuracy is the 
recall period.  Expenditure and income data are generally collected on the basis of recall; 
households are generally asked about their expenses and income for the past two to four 
weeks.  This adds the possibility for a great deal of measurement error (Sahn and Stifel 
2003).  According to Pradhan (2000) “Some of the measurement error is random-but not all.  
For example, the more commodities listed on the recall sheet, the higher is the measured 
aggregate consumption” (quoted by Sahn and Stifel 2003), “Likewise, the longer the recall 
period, the lower the consumption that is reported” (Scott and Amenuvegbe 1990 as quoted 
by Sahn and Stifel 2003).
Although expenditure data are considered accurate for measuring poverty within a 
country, inter-country comparisons may not be accurate.  Using a money-metric of utility
(such as income or expenditure data) to assess poverty makes it difficult to do inter-country 
comparisons because of problems that are caused largely from exchange rate distortions
(Sahn and Stifel 2003).
Frequency of data collection/current use
Like income data, expenditure data have been widely used in the past, and there are 
several surveys that already collect expenditure data such as the Full Scale LSMS and the 
social Dimensions of Adjustment Integrated Surveys (SDA-IS) as well as other country 
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surveys (Montgomery et al. 2000).  However, Sahn and Stifel (2003) argue that besides the 
30 or so large scale LSMS that have been conducted, consumption and expenditure surveys 
are sporadic and generally of low quality, especially in the poorest countries where they are 
most needed.  This point was also noted by Filmer and Pritchett (2001) who claim that many 
of the more widely used surveys do not include income or expenditure data. They state that 
“Demographic and Health Surveys (DHS) have been conducted with nearly identical survey 
instruments in more than 40 countries… these surveys include assets and housing conditions 
but not consumption expenditures.”
Data Needs and Technical needs/ease of measurement
Using expenditure data to measure poverty is very similar to using household income 
because both are monetary measures.  However, according to Zeller (2003) “The expenditure 
module [of the Living Standard Measurement Survey] requires only about one hour of 
interview time”.  With the expenditure module being such a small part of the LSMS there 
should be significantly less demand on a statistical office’s infrastructure and data entry.
2.3.3 How are asset data used to measure poverty?
There are several methods used to assess poverty using asset data.  Most of these 
methods are based on the same basic principles, and produce results that are not extremely 
different from one another.  However they range in the degree of data needed and in the 
amount of statistical or modeling expertise that is required.  The basic idea is that each 
household is surveyed and the number and type of assets the household owns are recorded.  
Generally the household is then given a rating based on which assets they own, and which 
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they do not own, compared to what is owned by the general population included in the 
survey.  That rating is used to compare each household to the others and establish where they 
rank in assets.  Using assets as an indicator of poverty is based on Friedman’s permanent 
income hypothesis which states that consumption is a function of permanent income, and on 
standard economic theory which argues that permanent income is a function of household, 
community, and environmental characteristics, including education and physical assets 
(Ferguson et al. 2002).
Although the methods used in making an asset index are based on the same 
principles, they can differ significantly.  The differences account for what final outcome is 
desired from the asset index.  For example, if all that is desired is a ranking of households 
that will only be used for comparison within the surveyed population a simpler model can be 
used.  However, if the desired result is an asset index that can be compared to different parts 
of the same country, or different countries, a more complex model is needed to take into 
consideration the cross cultural influences.  This is especially true when trying to compare 
lesser developed countries (Ferguson et al. 2000). 
Filmer and Pritchett (2001) state that “econometric evidence suggests that the asset 
index, as a proxy of economic status for use in predicting [school] enrollments, is at least as 
reliable as conventionally measured consumption expenditures, and sometimes more so.”
Enrollments depend on long-term as well as current expenditures; therefore, although Filmer 
and Pritchett do not claim to use the asset index as a direct indicator of poverty, they show 
that the asset index and expenditures can both be used as a proxy for something that is 
unobserved: a household’s long-run economic status.  
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To construct an asset index the researcher must first decide on a list of assets to 
include.  The assets can be placed in three categories: household durables, housing 
conditions, and human capital.  Household durables are items such as radios, TVs, sewing 
machines, refrigerators, stoves, pots and pans, beds, bicycles, motorcycles, and cars.  
Housing conditions include roofing materials, wall materials, and floor materials as well as 
access to water and sanitation facilities.  Human capital includes years of education by 
member of the household.  After the assets are selected, weights must be assigned to them.  
Because price data are usually not available for the assets, prices can not be used.  Rather 
than estimating weights based on the researchers perception, researchers use principal 
component analysis, factor analysis, or another similar method to assign weights to the 
assets.  Using principal component analysis the asset index takes the form:
Ai = ˇ1ai1+…+ˇKaiK
where Ai represents that asset index, the aiKs are the individual assets taken from the data, 
and the s are the weights (Sahn and Stifel 2003).  By using principal component analysis 
researchers are able to give a weight (s) to each of the assets based on how many 
households own the asset and how many they own.  The asset index is then determined by 
multiplying the weights (s) times the assets (aiKs) and summing them.  Households can then 
be ranked by their asset index score.  
Different researchers have included different assets in these indices.  Variations on 
which assets to include are generally based on how complex the analysis is and the likelihood 
of households to have an asset based on their geographic location.  For example surveys 
conducted in warmer regions would include air conditioners in their indices but not heaters.  
One of the simplest methods uses five indicators: the ratio of rooms to people in the 
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household, whether the household owns a car, the number of people seeking work in the 
household, children who receive free meals at school, and the number of time the household 
has had their power shut off in the last year (Ferguson et al. (2002).  Other more complex 
methods include those used by Ferguson et al. for their hierarchical ordered probit (HOPIT)
model, which include: the age, sex, Language, and Ethnicity of the household occupants, as 
well as several assets: black and white television, color television, blender or food processor, 
refrigerator, sewing machine, gas stove, record player, bicycle, electric fan, telephone (fixed-
line), telephone (mobile), washing machine, clothes dryer, vacuum cleaner, VCR, Car, 
motorcycle, personal computer, microwave, knitting machine, iron, cable television, 
company or business, urban properties, farming properties, radio, hot running water, indoor 
flushing toilet, bath or shower, separate kitchen, dishwasher, private latrine, communal 
latrine, and other household characteristics.  All these assets are not used for every analysis; 
each analysis conducted uses assets that are relevant to the living conditions of the country. 
Generally speaking, as long as the asset index includes the major assets owned by 
each home the result will be accurate if principal component analysis, factor analysis, or 
another similar method is used to assign the appropriate weights.  
Cost
One of the biggest advantages of using asset data to assess poverty is that unlike 
expenditure data where a list of current prices is needed in order to compare the results to 
other regions or countries, in most asset indices no price data are collected, therefore the time 
and expenses are less (Sahn and Stiffel 2003).  With considerably less time and technology 
required to administer and assess asset data, they cost much less than income and expenditure 
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surveys.  Surveys that collect asset data are generally much less complicated than surveys 
that collect income and expenditure data.  One popular survey that is used to collect asset 
data is the Social Dimensions of Adjustment Priority Survey (SDA- PS).  According to Zeller, 
this survey “is fairly short (typically fewer than 200 questions) and can be administered in 45 
to 60 minutes per household.  Since the survey does not attempt to collect data on 
expenditures and income, which are subject to significant seasonal effects, the data collection 
for the  PS can be completed in a short period, typically one or two months.”  Because there 
is a shorter data collection time, less data to enter once it is collected, and a less complicated 
and shorted analysis, the costs are much lower than surveys that collect income and 
expenditure data. One of the more high-cost survey instruments that is used to collect asset 
data is the Demographic and Health Survey (DHS).  According to Lok-Dessallien (2004) this 
survey takes between 16 and 18 months and costs approximately $500,000, which is 
approximately $200,000 less than the LSMS.  Although the DHS collects asset data, its 
primary purpose is to collect demographic and health data.  The asset data collected using the 
DHS is only a fraction of the data collected, and in the past has not been collected with the 
intention of constructing an asset index for poverty assessment.
Accuracy
Another advantage of using asset data to measure poverty is that respondents can give 
more accurate answers.  When a household is being surveyed, they are asked if they own an 
asset, and how many they own.  Because they are not required to remember two to four
weeks prior to the survey there is less of a chance that they give incorrect or skewed answers.   
There is also less chance for error in the respondents answers because some of the assets 
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recorded by the numerator are not asked of the household but rather are observed by the 
numerator (such as roofing, wall, and floor material).
Asset data are also more accurate than income and expenditure data because they do 
not have problems with seasonal variability in earnings.  This particularly applies to incomes 
in countries where there is high self employment either in or out of agriculture (Sahn and 
Stifel 2003).
Frequency of data collection/current use
There are several household surveys in developing countries that already report 
information regarding assets.  For example, although the Demographic and Health Surveys 
(DHS) were not originally intended for economic analysis, they do provide asset information 
on durable goods and dwelling characteristics, and they have been conducted in more than 40 
countries (Ferguson et al. 2002 and Filmer and Pritchett 2001).
Data Needs and Technical needs/ease of measurement
One big advantage over money-metric methods of measuring poverty is that assets in 
developing countries are fewer and easier to measure; therefore a standardized questionnaire 
is easier to develop (Sahn and Stifel 2003), in addition, the level of expertise that is required 
to analyze asset data in general is less than that required to analyze income or expenditure 
data.  Therefore agencies in developing countries are more likely to have the skills required 
to conduct and evaluate an asset survey whereas they may lack the skills necessary to use 
expenditure or income data to assess poverty.
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Other Issues
One of the major drawbacks of using asset data is that when different surveys are
used for inter-country analysis then the results cannot be easily compared, and even if the 
same survey is used for inter-country analysis the tendency to acquire some assets such as 
air-conditioning that can differ among households living in different environments with 
different backgrounds.  According to Furgeson et al. (2002) when researchers use principal 
component analysis and factor analysis, the results cannot be compared because “the same 
level of permanent income in two countries may imply a different probability of ownership 
of any given physical asset.  Hence, the use of physical asset ownership as a determinant of 
permanent income may lead to estimates that are simply not comparable across populations.”
However, Filmer and Pritchett (2001) argue that their method of estimating household wealth 
using principal-components analysis to derive the weights of the assets in their index permits 
them to compare wealth gaps across countries.  
Another problem with using asset data as a proxy for income is that although the 
results may be accurate, they do not provide information on the level of income at which 
certain items are acquired (except the HOPIT model used by Ferguson et al. (explained in 
section 2.4 below)), rather they provide a ranking of households.  When using asset data 
households are ranked in order from richest to poorest i.e. the relative rather than absolute 
poverty is measured.  In order to determine who is poor, secondary data such as the countries 
own figures of the percent of households living below the poverty line must be used to 
determine where to place the poverty line in the ranking; there can be problems with this.  
For instance, if the asset survey was used in a poorer area (for example a rural area) where 
there are a larger percentage of poor people than the national average based on secondary 
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data, those poor people above the secondary poverty line will not receive the benefits of the 
implemented program.  This can also work the other way.  If an asset survey is used in a 
richer area and the national poverty line from a secondary source is applied, richer or less-
poor families will benefit from programs that were targeted to poorer households (Zeller 
2004).  This problem can be overcome by establishing a poverty line based solely on assets.  
For example those families without a certain combination of assets would be considered 
below the poverty line.  Filmer and Pritchett (2001) further enforce this point when stating 
the main limitations in asset poverty analysis.  They suggest that, “The limitation in poverty 
analysis is twofold.  First, the conventional notion of poverty is based on the flow of 
consumption relative to some predetermined poverty threshold, whereas we, by aggregating 
assets, are establishing only a measure of a stock.  Second, the categorization used is based 
on a relative measure (that is, the household’s ranking within the distribution), whereas 
poverty thresholds typically are based on the expenditures necessary for the consumption of a 
determined bundle of goods.”
Although data and technical needs are much less with asset data than with income and 
expenditure data, more research is still needed to determine how much asset data can be used 
to track poverty.  This is evidenced in the lack of agreement in the literature.  For example 
Filmer and Pritchett (2001) show (as stated earlier) that “the econometric evidence suggests 
that the asset index, as a proxy of economic status for use in predicting enrollments, is at 
least as reliable as conventionally measured consumption expenditures, and sometimes more 
so.” Montgomery et al. (2000) show that “even the best proxy variables and indices are 
associated only weakly with consumption per adult.  Nevertheless, they can be put to good 
use in testing one important hypothesis about the influence of living standards.” Sahn and 
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Stifel (2003) perform another evaluation; they test the power of the asset index as well as 
reported expenditure data to predict adequate nutrition.  In most cases they found that the 
asset index performed just as well or better than the expenditure data. 
Although using asset data may be less technical and time consuming, using asset data 
is still relatively new (compared to using income and expenditure data).  As of yet there are 
no “best practices” established by economists working in developing countries.  Generally 
proxy measures are chosen ad hoc on a study specific basis (Montgomery et al. 2000).  With 
increased use, better and more widely recognized practices should be developed.  To convey 
a better understanding of the items included in asset indices as well as an appreciation for the 
variety of assets used by different researchers and an example of how there are no best 
practices as of yet, I have included in this review a table that shows lists of assets researchers 
used to construct their indices (myself included (Crane 2006)).
Table 2.1 A list of assets and which researchers use them

















Electricity x x x x











Gas Oven x x
Bicycle x x x x x
Radio x x x x x
Television x x x x x
Stereo x x





Refrigerator x x x x
Electric Fans x x












agricultural land x x
Urban land x x
Livestock x
Place to sit outside x
Domestic servant (employs casual labor) x x
Type of cooking fuel used x x x x
Source of drinking water x x x x x
Type of sanitation x x x x x
Type of dwelling x x x
No. of rooms in dwelling x
Materials used for floor in house x x x x
Materials used for walls in house x x x
Materials used for roof in house x x x
Years of education of the household head 
(human capitol) x
Owns business x
Member of household has worked abroad x
Garbage collection x
Households ability to afford new clothes x
Households ability to afford annual vacation x
Households ability to afford heating home x
Households ability to afford to eat meat often x
*Ferguson et al. used several different lists of indicators depending on what was available from the different surveys 
used
**Montgomery et al. only used assets that were common to all the commonly used household surveys
2.3.4 Using Participatory Poverty Assessment to measure poverty?
In the 1970’s “popular participation” was considered to be an important part of 
development, and it made it into the program strategies of many international agencies.  In 
the 1980’s it was largely taken on by non-government organizations (NGOs) (Laderchi 
2001).  Participation of the poor in the form of “Participatory Poverty Assessment” (PPA) 
was first introduced in the early 1990s and is increasingly being used today.  
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Norton et al. (2001) define PPA as: “an instrument for including poor people’s views 
in the analysis of poverty and the formulation of strategies to reduce it through public 
policy.”  Although there is no “blueprint” for conducting a PPA, PPAs generally take the 
form of small teams of researchers going into a village or neighborhood, and conducting 
research activities such as: participatory mapping and modeling, time lines and trend and 
change analyses, seasonal calendars, wealth and well-being grouping and rankings, 
community discussions, surveys, and other feedback generating activities (Laderchi 2001 and 
Robb 1998).  PPAs assist in bringing together all stakeholders involved in poverty reduction 
including government agencies (local and regional), non-governmental organizations 
(NGOs), and communities (the poor).  The information obtained through PPAs is generally 
used to design policies to help reduce poverty.  It has been suggested that PPAs should 
always be used as a third monitoring tool because they can add valuable insights on how poor 
people assess their own situation and determine what they think should be done about it 
(UNDP 2000). It makes sense that the people most directly affected by poverty are dreadfully 
aware of the problems they face and are probably the party most knowledgeable about the 
solution (UNDP 2000).  
PPAs provide a multidimensional view of poverty that cannot be ascertained with 
income or expenditure data alone. Instead of having a snapshot from an income survey that 
tells the researcher that increased income is needed; through PPAs researchers are often able 
to understand the reasons behind poverty, for example lack of infrastructure or of micro 
credit (Norton et al. 2001 and UNDP 2000).  PPAs can also give results that conflict with 
those of income or expenditure surveys.  For example, in a PPA conducted in Armenia, the 
community consistently ranked single pensioners as the poorest in the community, however, 
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their levels of income did not justify this.  In this case the PPA was able to capture the sense 
of isolation not reflected in the income survey (Laderchu 2001).
There are also several other benefits of conducting a PPA, for instance: because local 
and national governments often take part in PPAs the poor may be able to influence policies 
that are going to affect them.  This in turn has a positive effect on the success of poverty 
reduction policies (Norton et al. 2001).  PPAs can be used to monitor the level of awareness, 
understanding, misconceptions, or perceived effects of policies and programs, i.e. the 
attitudes and ideas of the people towards policies can be assessed and taken into 
consideration when developing new strategies of poverty reduction (Norton et al. 2001).  
PPAs represent a “bottoms up” approach to how poverty reduction policies should be 
implemented (Norton et al. 2001).  One of the biggest long term benefits of PPAs it that they 
may build relationships and alliances between NGOs, communities, and government (Norton 
et al. 2001).
Cost
According to Robb (1998), where data were available for the PPAs conducted by the 
World Bank, the cost of conducting a PPA ranged from $4,000 to $150,000 with the average 
between $47 and $85 thousand.  This is confirmed by Lok-Dessallien (2004). She estimates 
that PPAs have an approximate duration of 4 to 6 months and cost approximately $50,000 
and up.  
The following adaptation of a table from Norton et al. (2001) gives examples of the 
costs and time associated with PPAs conducted in Mongolia and The Gambia.
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Table 2.2 Two examples of PPAs
Features Mongolia The Gambia
Cost $108,100 (excluding WB $134,000 (Cost of total project which
staff weeks) includes 5 PPA studies)
Number of communities 32 29
Time spent on training 2 weeks 5 days
Time spent on field research 2 months 1 month
Time spent in each community 1 week 5-6 days
Time spent on analysis 4 months 3 months
Size of research team 4 teams of 4 members 7 teams of 4 members
Accuracy
In general PPAs are perceived as being accurate; however, some researchers feel that 
participants are sometimes just saying what they think the researcher wants to hear.  This 
could be because they want to receive the perceived outcomes of the research (Norton et al. 
2001 and Laderchi 2001).  According to Cornwall (2003), women are under represented and 
often do not have a voice at all in participatory development, and to make matters worse, the 
women frequently end up taking on the burden brought on by implementing the policies.
   Because of the nature of PPAs researchers are required to synthesize and structure 
information.  As the researcher plays a role in synthesizing and structuring the information
she is required to make value judgments.  These judgments can have a major influence on the 
outcome of the assessment (Laderchi 2001). Another possible problem brought up by 
Laderchi (2001) is that there are often political and local powers that may play a part in 
steering the PPA to a desired outcome.  Laderchi (2001) also notes that there are elements 
that participatory assessments structurally miss.  Quoting Narayan et al. (1999), she gives the 
example of a PPA where the “poor” group identifies groups that are even poorer than 
themselves.  The poorer groups are described “in very unfavorable terms, almost as 
belonging to a subhuman category, and they are regarded with mixtures of pity, fear, disgust 
and hatred.”  Because the poorer groups are cut off from social relations with the rest of 
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society, they are also not included in the PPA.  For PPAs to be effective at policy change that 
would affect all levels of poverty, all the poor need to be included.
Frequency of data collection/current use
In 1998 Robb assessed the use of PPAs by the World Bank.  She found that “one-fifth 
of the Bank’s poverty assessments completed in fiscal year 1994 included a PPA.  By fiscal 
95, this figure had risen to one-third, and in fiscal 96, fiscal 97, and fiscal 98, half the poverty 
assessments included a PPA.”  Up until 1998 when her report was written Robb states that 43 
of 98 country poverty assessments conducted by the Bank included some sort of PPA.  PPAs 
have also been conducted by other organizations; however their use of PPAs has not been as 
extensive as the World Bank’s (Robb 1998).  
Data Needs and Technical needs/ ease of measurement
Much like conducting household surveys, in order to conduct a PPA the researchers 
must be trained.  When possible, researchers are selected from development organizations so 
that they already have some level of expertise in conducting PPAs, however research can be 
conducted by NGOs, government departments, or university students.  Once researchers are 
trained, there is not a great deal of technical (statistical) analysis; however this can depend on 
the tools in the participatory assessment.  Generally conducting a PPA does not require the 




Researchers have brought up several other issues concerning PPAs.  Some 
researchers feel that conducting a PPA can stir up contention and divisions in the 
communities (Norton et al. 2001).  Although PPAs are conducted in the community and work 
with households on a personal level, they do not provide any direct decision making 
authority (Norton et al. 2001).  PPAs do not produce a number such as the headcount to 
assess poverty.  Because there is no headcount or other poverty rating, PPAs cannot be 
compared to other countries or even communities (Norton et al. 2001).  PPAs can take up a 
large portion of participants’ time and depending on the timing of the PPA it may take 
participants away from work or harvest. 
Below is a table summarizing the main arguments in this literature review.  The data 
in the table were taken from the various sections of the review.
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Table 2.3 Summary of poverty assessment methods 
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2.4 Summary of the main articles on poverty assessment tools
There is a large literature on poverty assessment.  Because this project is being used 
to determine whether water and sanitation (and other household characteristics) can be used 
to track poverty, this review will focus mainly on articles that compare and assess the 
different methods as well as those articles that try to measure poverty using indicator 
variables.  Because the main findings of the literature have already been assessed and 
incorporated into the review above, here I will only give summaries of the main articles on 
poverty assessment.  
Bollen et al. (2002) study the possibility of using different economic status proxies to 
estimate the impact of economic status and other determinants of fertility.  They find that the 
proxies they chose for income that best predict fertility are asset scores based on a principal 
components analysis of the ownership of consumer durable goods.  They compare the results 
of using a restricted set of proxies (those available in the Demographic and Health Surveys 
(DHS)) with the results obtained using a lengthier set of proxies.  They found that collecting 
information on a few items in addition to those in the DHS may increase the suitability of 
asset ownership as a proxy for economic status.  They also conclude from their results that 
simply summing up the number of assets owned by a household performed relatively well 
compared with other proxies they examined, however, the principal components score 
performed the best. 
Chen and Ravallion (2000) draw on 265 national sample surveys from 83 different 
countries and determine that there was a net decrease in the overall incidence of consumption 
poverty from 1987-98.  However, this reduction in the overall frequency of consumption 
poverty was not enough to decrease the total number of poor by various definitions.  The 
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author conclude that the two main causes of the disappointing rate of poverty reduction is too 
little economic growth and persistent inequalities that prevented the poor from participating 
in the growth that did occur. 
Cornwall (2003) raises some concerns about PPAs.  Although those who promote 
participatory development claim that it gives a voice to the poor, allows all stakeholders to 
get involved and empowers the poor, Cornwall claims that participatory development can be 
driven by “gendered interests” which can actually leave the least powerful without a voice 
concerning policies that effect them.  She sheds light on the “tensions, contradictions and 
complementarities between ‘gender-aware’ and ‘participatory’ approaches to development.”  
She is not just talking about women not being included in the PPA, but about PPAs missing 
the whole idea around “gendered dimensions of exclusion and failing to make sense of the 
complexities of gender and power.”
Deaton (2001) argues that based on national accounts economic growth does little to 
reduce poverty.  He gives a good explanation of the purchasing power parity exchange rate 
and describes how it “plays havoc” with poverty estimates.  He explains how the PPP 
exchange rate has little or nothing to do with the actual experience of the poor and suggests 
alternative means of comparing poverty across countries.  Deaton discusses the best yardstick 
with which to measure poverty and gives an account of the differences between and the 
problems associated with household survey data and national accounts.  He argues that the 
World Bank should back away for its focus on the income headcount measure and 
concentrate more on other forms of deprivation “that may be more important than 
deprivation of income” (Deaton 2001). 
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Montgomery et al. (2000) claim that very few surveys gather income and expenditure 
data in developing countries, and that researchers interested in living standards must use 
proxy indicators.  They use proxy indicators that are available in the LSMS surveys, the 
Encuesta Guatemalteca de Salud familiar (EGSF) survey, and Demographic and Health 
Surveys, including access to clean water, water an the premises, time to water less than 30 
minutes, toilet facility, and flush toilet among others in their model in the place of a 
households standard of living to predict consumption. They claim that standard of living 
indicators contain information about the level of consumption per adult, and that the median 
values of consumption tend to increase with the number of items in the index.  For example, 
for each additional item in the index such as access to clean water or a flush toilet the median 
values of consumption increases.  However, the R-squared values indicate that the strength of 
the association between proxy indicators and consumption per adult is “alarmingly low”.  
The researchers determine that although the proxy indices contain some information about 
consumption, they do not contain very much.  The researchers ultimately conclude that proxy 
indicators are “very weak” predictors of consumption, however they add that hypothesis tests 
based on proxies may be sufficient to justify further consideration.
Sahn and Stifel (2003) use data from household surveys to compare an asset-based 
measurement of poverty with expenditures, predicted expenditures and income.  They then 
test the ability of the asset index, expenditures, predicted expenditures and income to predict 
child health.  They do include water and sanitation measures in their asset index such as 
whether the household has piped water or uses surface water, and if they have a flush toilet or 
no toilet.  Although water and sanitation characteristics are used in there model, they are not 
analyzed separately.  They conduct a factor analysis using asset data to produce an index and 
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test whether the asset index is a valid predictor of poverty measured by child welfare.  The 
researchers compare the other measures with child health as an indicator of economic well-
being as a way to “verify” how well each of them performs.  They chose to use child well-
being because they claim that it is one of the “most crucial manifestations of poverty.”  They 
determine that using an asset-index as a proxy for long-term wealth is at least equal to and 
may be more accurate than using expenditures, predicted expenditures or income.  
Ferguson et al. (2002) use a somewhat different approach than Sahn and Stifel and 
Montgomery et al.  They also use an asset index to estimate permanent income but they use 
the Hierarchical Ordered Probit (HOPIT) model. This model is developed using an un-
observed variable y*i which denotes the permanent income of the household.  y*i  is a function 
of a vector of covariates X'i , a household-level random effect i, plus i, and error term.  
y*i = X'i+i + i i = 1,…,N
i  ~ N(0,2v)  
i ~ N(0,1)
An observation method is specified for every indicator variable a=1,…,A such that 
the variable yai: 
yai = 0 if -< y*i  a
yai = 1 if a < y*i  +
where a is an indicator-specific cut-point.  The HOPIT model specifies that there is some 
indicator-specific threshold a such that a household is more likely to respond positively 
when its permanent income exceeds this threshold (see Ferguson et al. 2002 for a more in-
depth description of the HOPIT model).  The advantage of using this model is that the 
researchers can establish indicator specific thresholds or “cut-off points” where certain items 
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are acquired which they can use to estimate levels of permanent income.  Because the model 
can estimate levels of permanent income, it can be used to compare income levels obtained in 
different countries or regions, even if the assets used to make the models are not the same.  
Ferguson et al. (2002) conclude that their rank correlation is consistent with those of reported 
income and expenditure data.  They also assert that one of the key advantages of using the 
HOPIT model is its compatibility with item reduction methods which is useful in allowing 
the development of sensitive combinations of indicators that will yield the best estimates of 
income.  Although some form of water, sanitation, or other housing characteristics are 
included in the researchers’ asset index, they are not analyzed as a possible indicator of 
poverty.  They are however ranked on the indicator ladder which shows the levels at which 
assets are required with increasing income.  The most complete survey and model results 
used by Ferguson et al. shows that a communal latrine is very low on the indicator ladder 
followed by a private latrine, a private flush toilet, a private water tap, and finally 
underground drains.  
Filmer and Pritchett (2001) estimate the relationship between household wealth and 
children’s school enrollment.  They use a linear index from asset ownership indicators as a 
proxy for wealth by conducting a principal-components analysis to derive weights.  Using 
data sets from Indonesia, Pakistan, and Nepal that contain information of both expenditures 
and assets they validate the method and show that the asset index predicts enrollments as 
accurately as expenditures, or more so.  They also give a brief description of various other 
methods to construct an asset index.  The researchers include water and sanitation household 
characteristics in their asset index such as whether a household obtains drinking water from a 
well, and open source or tap, and whether the household uses a flush toilet, pit latrine, or no 
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toilet.  They do report individual statistics for each variable and show that 80% of the poorest 
people in the sample use well water compared to only 24% of rich people, and 40% of the 
poor use a pit latrine compared to only 11% of the rich. 
Gorbach et al. (1993) use control variables such as age, education, number of 
children, and number of household assets in a logistic regression to examine how socio-
demographic factors and contraceptive use affect the likelihood of abortion for women in 
northern Vietnam.  There were no significant differences observed in education, occupation, 
or household assets.  
Grosh and Glewwe (1998) give a description of the World Bank’s Living Standards 
Measurement Survey (LSMS) including what data are available from it, how to access the 
data, and what questions can be answered with the data.  They also give a brief history of the 
LSMS which includes the number of countries where the LSMS has been conducted, the 
average price to conduct the LSMS and the time needed to complete an LSMS.
Guilkey and Jayne (1997) construct an index based on variables such as land 
ownership, education level, community characteristics, and assets including good water and 
sanitation to determine the determinants of Zimbabwe’s fertility decline.    Good water and 
good sanitation were used as background variables to predict fertility rates however neither 
was significant.  Access to good sanitation was almost significant when examining the 
number of children who had died from each woman in the study and access to good water 
was not significant. The researchers concluded that the larger the number of assets a family 
owned the more women are likely to use modern contraceptives relative to no contraceptive.  
Morris et al. (2000) used an asset-based method that was intended to test the “validity 
of proxy measures of household wealth and income that can be implemented in health 
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surveys in rural Africa.”  They use a simple weighted-sum method based on the number of 
certain assets owned by the household.  They also asked respondents how much the asset 
would sell for if they were to sell it today.  This was asked so they could determine the 
monetary value of the assets owned by each household.  The weight they used for each asset 
was based on the reciprocal of the proportion of the study households who owned the item.  
That weight was multiplied by the number of the asset the household owned and the products 
were summed up over all the assets, giving the researchers the total value of the household’s 
assets.
Norton et al. (2001) give a comprehensive description of participatory poverty 
assessments including their history, evolution, purposes, and critiques.  They describe the 
situations in which a PPA would be useful, give and explanation of the designing process, 
instruct on how to enhance the quality of a PPA, and discuss what challenges the future will 
bring.  They also present two case studies to supplement their description of PPAs.
Pritchett (2003) suggests that the current poverty line drawn at $1/day (extreme 
poverty) or $2/day (poverty) is much too low.  He argues that the poverty line in developed 
countries is around $15/day and that the $15/day poverty line should be applied to all 
countries regardless of the overall level of poverty in that country in order to treat all citizens 
of all nations equally.  
Robb (1998) assesses how participatory poverty assessments have been used since 
their beginning until the time the article was written in 1998.  From a perspective of the 
World Bank, she explains how PPAs are used to influence anti-poverty policy and fill the gap 
that is left by household surveys.  Robb also covers how our understanding of poverty is 
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deepened from listening to the voices of the poor through PPAs, the impact of PPAs, good 
practices for PPAs, and some specific country case studies.
Pattanayak and Yang (2003) chose three household characteristics to use in 
classifying household as poor or not-poor.  They used: whether the household had a phone, if 
the household lived in a dwelling with a concrete floor, walls, and roof, and if the household 
used gas or electricity to cook.  Using a poverty rate of 40% of the population they were able 
to correctly identify 82% of income-poor households.  They also used probit regression to try 
and identify whether other household characteristics, such as whether the household had an 
overhead storage tank, had a water-sealed toilet with cistern-flush, used kerosene as cooking 
fuel, and the number of rooms in a house.  With this method they were able to correctly 
identify 73% if income poor households. 
Chapter 3
Methods
In this chapter I will explain how I develop the poverty standards used in my analysis, 
I will explain the procedure I use to select household water and sanitation indicators to be 
used as indicators of poverty and how the indicators are tested to determine their ability to 
accurately predict whether or not households are poor.  I will also explain the procedure I use 
to compare income, expenditure, and asset data (with and without household water and 
sanitation characteristics), including how I constructed the asset indices.
3.1 Poverty line selection
As discussed in the literature review, using income, expenditures, and asset data are 
all common methods for assessing poverty.  Although each of these methods is used to 
measure poverty, there is no way of knowing if any of them are actually measuring “true”
poverty.    In order to assess how water and sanitation can be used to track poverty it is 
necessary to determine which households are poor.  Using income data, expenditure data, 
asset data, and self perception of welfare individually to assess poverty results in differences 
in which households are  determined as being poor.  To overcome this problem it was 
necessary to establish a “golden standard” of poverty where I can be very sure that the 
households that are categorized as being poor actually are poor.  To do this I use a 
combination of poverty measures and create two standards of poverty.  The first group of 
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poor households is made up of those households that fall into the lowest 20% of households 
based on income, expenditure, and assets, and view themselves as being either “ poor” or 
“destitute”.  The second group of poor households is made up of households that fall into the 
lower 20% in at least two of the poverty measures (income, expenditures, and asset data), and 
perceive themselves as being either “poor” or “destitute”.
According to the Nepal Human Development Report 2001 (UNDP 2002) urban areas 
of Nepal had a poverty rate of 23.9% in 2000.  This figure included all urban areas and not 
just Kathmandu.  The Department for International Development (DFID 2004) estimates the 
urban poverty rate at about 22% in 2004 with a 4% poverty rate for Kathmandu.  Using the 
data from the Kathmandu case study presented in chapter 4, I estimated that the percent of 
households living below the US$ 1 a day poverty line in 2001 was approximately 3.6%.  This 
poverty line was calculated using each member of a household living below the US$ 1 a day 
standard, with children being equal to half an adult.  Purchasing Power Parity (PPP) was also 
used to calculate the poverty line.  Based on the poverty standards created by using income, 
expenditure, asset, and self perception data; poverty standard 1catagorizes 9% of households 
in the sample as being poor, and poverty standard 2 categorizes approximately 18% of 
households in the sample as being poor.  Based on the level of poverty in Kathmandu 
described above, these two poverty standards are acceptable.  
3.2 Water and Sanitation Indicator Selection
Water and sanitation indicators were selected based on which indicators I thought 
would more accurately distinguish between the poor and non-poor households.  Because 
practitioners and development organizations working in developing countries may not have 
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access to income, expenditure, and asset data I did not use regression analysis to determine 
which water and sanitation indicators would best predict poverty (regression analysis was 
used to predict the best out of nine household indicators which included whether a household 
was connected to the piped municipal water supply and whether the household had a flush 
toilet in a previous version of this paper).  Regression analysis was not used with the idea that 
if a practitioner wanted to use water and sanitation indicators to assess poverty and did not 
have income, expenditure, or asset data they could make educated decisions about which 
indicators more accurately reflected which households were or were not poor.    Instead of 
using regression I listed all the water and sanitation indicators and considered which 
indicators would best distinguish between the poor and the non-poor.
 The water and sanitation indicators used in this analysis are: whether a household has 
an overhead water storage tank, whether the household has a water-sealed toilet (cistern-flush 
or pour flush), whether the household has a water-sealed toilet that is connected to the sewer 
system, whether the household has a private water connection, whether the household has a 
cistern-flush toilet, and whether the household treats their drinking water.
To develop the water and sanitation poverty standard I first looked at whether a 
household had a water-sealed toilet.  If a household did not have a water-sealed toilet (8% of 
the sample), I categorized them as being poor.  Second I looked at whether the household had 
a cistern-flush toilet (as opposed to pour flush toilet) that was connected to the sewer system
(16% of the sample had a cistern-flush toilet that was connected to the sewer system), these 
households were categorized as being non-poor.  Third I looked at whether a household had 
an overhead storage tank (51% of the sample had overhead storage tanks), whether they had 
a private water connection to the municipal water supply (70% of the sample had a private 
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water connection to the municipal water supply), and whether they treated their water (63% 
of the sample treated their water).  If a household lacked two out of these three categories I 
categorized them as being poor.
In addition to using water and sanitation indicators I added whether a household used 
wood, straw, dung or kerosene as opposed to electricity or gas as cooking fuel to determine if 
adding another simple indicator could increase the predictability of the combined indicators.
3.3 Comparison of Income, Expenditure, and Asset data
3.3.1 Correlation
To assess the differences between the income, asset, and expenditure data, I test the 
correlation between each poverty measurement by using the PROC CORR function of SAS
with the SPEARMAN option.   This was done to determine if there was a correlation between 
the data, in particular to determine how the asset index I constructed compares to the income 
and expenditure data.  Asset data with and without water and sanitation was compared 
directly to income and asset data because the “golden standards” of poverty included asset 
data.  
3.3.2 Percentages
After testing for correlation between the data I use SAS and Microsoft Excel to 
determine the percent of households that are common by quartile to more than one method of 
poverty assessment.  This is done to determine how households that are in the lower quartile 
(the poorest 25%) by one poverty assessment are distributed throughout the other methods.  
This was done by constructing a table for each method compared to another method and 
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calculating where the distribution of the first method falls in the distribution of the other 
method.  I used the PROC FREQ function of SAS to construct tables of the percentile 
distributions and then combined the tables using Microsoft Excel.
3.3.3 Constructing an asset index
To create an asset index it is first necessary to compile a list of assets owned by the 
household and other household characteristics.  There are three categories of assets and 
household characteristics that are used for the index.  The first is household durables such as 
radios, stereos, TVs, sewing machines etc.  The second is housing quality such as the source 
of water, the type of sanitation, the type of cooking fuel used, and the quality of building 
materials.  The third type of asset used is human capitol such as the years of education of the 
household head and spouse. (Sahn and Stifel 2003, and Filmer and Pritchett 2001)   The 
durable assets that I used in creating my asset index were: kerosene stove, cooking pots, 
pressure cooker, rice cooker, gas oven, bicycle, radio, television, sewing machine, electric 
fan, clocks and watches, VCR, cots, and domestic servants. The housing quality 
characteristics used were: whether the house had electricity, type of cooking fuel, whether a 
household had a private connection to the municipal water supply, access to a water-sealed 
toilet (cistern or pour flush), quality of floors, quality of walls, quality of roof, whether 
residents own the house, and the number of rooms in the house.  The human capitol 
characteristics I used were: ability of head of house to read the newspaper, years of schooling 
of head of household, ability of the spouse to read the newspaper, and years of schooling of 
spouse.
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After assets are determined it is necessary to develop a weight for each asset.  The 
weight for each asset is determined directly from the data using principal component analysis 
(Sahn and Stifel 2003 and Filmer and Pritchett 2001).  Using principal component analysis I
make the asset index take the form:
Ai = ˇ1ai1+…+ˇKaiK
where Ai represents that asset index, the aiKs are the individual assets taken from the data, 
and the s are the weights (Sahn and Stifel 2003).  
Because there was some missing data it was not possible to perform a direct 
principal components analysis as described in Sahn and Stifel, and Filmer and Pritchett.  
Instead I used the same basic equation as shown in Sahn and Stifel (2001) and obtained the 
weights by a maximum likelihood single factor factor analysis where the single factor 
accounts for the most variance possible among all the variables. In order to do a maximum 
likelihood single factor factor analysis I assumed that households were distributed 
independently and identically, the expected value of the common components and unique 
components all sum to zero, and that the variance of the unique components have no 
covariance. 
 To estimate the weights of the assets I extracted the first factor or component 
which is essentially the single variable that explains the most variance among all variances 
possible.  The weight is the weight that I give to each variable such that the weighted sum 
accounts for the most variance possible by any single weighted sum which is much more 
highly correlated than all the other variables.  The principal factor or component that calls for 
the most variance (the thing they have most in common) is what I want to measure, i.e. I am 
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interested in extracting what it is that all the variables have in common (Wiesen 2006, Christ 
2006). 
After households are given a ranking which compares them to every other 
household, the sample can be broken into groups based on their score.  A poverty cutoff point 
can be determined based on the minimum number of assets that are required to raise a 
household out of poverty, by using the HOPIT model described by Ferguson et al. (2002), or 
by using a pre-established poverty line from a second source such as a poverty line 
determined by income or expenditure data.  As mentioned above, because the data from the 
Kathmandu case study do not include prices (necessary for using the HOPIT model) and to 
better understand the different results obtained using different poverty assessment methods, I 
will use the same poverty lines as those used for the income and expenditure data, i.e. I will 
use a 5%, 10% and 20% poverty rate.
3.3.4 Inclusion and exclusion tables
After I determined which water and sanitation variables to use to predict poverty I 
used the PROC FREQ function of SAS to tabulate the errors of inclusion and exclusion for 
the variables, i.e. to determine what percent was targeted correctly as measured by the two 
standards.  
3.4 The data
The data set that is used for this project was collected in March and April of 2001 by 
D. Whittington et al.  The data were collected by surveying a randomly selected sample of 
1500 households in the Kathmandu Valley.  The main purpose of the questionnaire was to 
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determine if there was support for an improved water supply system provided by a private 
company and if there would be a sufficient amount of households that would connect to the 
system in order to decrease the cost sufficiently so the households would be able to pay for 
the improved services.  In addition to asking questions about their willingness to pay for 
improved water services the researchers asked questions regarding socio-economic status so 
they could determine the preferences of both the poor and the non poor.  A significant 
amount of data was collected, including: household and individual income, household 
expenditures by categories, a households possessions (assets), education levels of parents, the 
number of children attending school, as well as detailed data on water and sanitation 
practices (Whittington et al. 2002 ).  The study is described in full in Pattanayak et al. (2001).
Chapter 4
Case Study of the water and sanitation situation in Kathmandu  
This chapter is included to give the reader an understanding of the water and 
sanitation conditions of households not connected to the municipal water supply, and to 
present the coping activities that these households participate in to collect water, and remove 
waste from their home.  This is important to demonstrate that although all of these 
households are not income, expenditure, or asset-poor, they lack some of the basic necessities 
of life.  This case study is used to illustrate why water and sanitation facilities should be used 
as indicators of poverty, and to show the difference in some key indicators of poverty 
between households that are collected to the municipal water supply, and households that are 
not.  
Of the 1500 households surveyed, 449 (30%) did not have a private water connection 
to the municipal piped water supply, and surprisingly only 6% did not have a water sealed 
toilet (see table 4.1 for a breakdown of water source by sanitation type).  This chapter gives a 
description of the unconnected households as well as a general description of poverty in 
Kathmandu; it is broken down into three sections.  The first section describes where the 
unconnected households go to collect water, how much they collect, how much they pay, 
their perceptions of the quality, color, health risks, and reliability of their water sources, the 
methods they use to treat and store water, and what activities the water is used for.  The 
second section is a description of the types of sanitation used by unconnected households, 
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their perceptions and attitudes about their current sanitation systems, and how much they 
pay.  In the third section I present a breakdown of the type of sanitation systems that are 
being used by households that collect water from each source.  The fourth section gives a 
comparison between the unconnected households and the rest of the survey population based 
on socio-economic characteristics such as income, family size, education level, and the 
ability to read the newspaper.  In the fifth section I give a general description of the poverty 
situation in Kathmandu. 
Table 4.1 Water source by sanitation type
Private water connection Other water source Total
Water-sealed toilet 1039 69% 366 24% 1405 94%
Other 12 <1% 83 6% 95 6%
Total 1051 70% 449 30% 1500 100%
4.1 Water
4.1.1 Sources
There are several sources of water that are used by those households that do not have 
private connections to the municipal water supply.  These sources are: public taps, public 
wells, neighbors that sell or give water away, private wells, vendors/tankers, stone taps, other 
surface water sources such as rivers, streams and lakes, rainwater, and bottled mineral water.  
Households were asked if they use water from each of these sources.  The main sources of 
water used by the unconnected households are: neighbors that sell or give water away (38% 
of unconnected), public taps (35% of unconnected), private wells (30% of unconnected) and 
public wells (27% of unconnected).  18% of unconnected households use surface water, and 
only 13% of households surveyed collect rainwater during the rainy season. Although there 
are only 449 households in the sample that are not connected to the water supply, there were 
794 responses to this question.  This shows that unconnected households generally use more 
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than one source for their water needs.  Table 4.2 shows the number of households that collect 
water from each source.  
Table 4.2 Sources of water for unconnected households
Source No. of households Percent
Neighbors that sell or give water away 169 38%
Public taps 155 35%
Private wells 133 30%
Public wells 119 27%
Other surface water sources (river/stream/lakes) 82 18%
Rainwater 58 13%
Stone taps 55 12%
Private water connection 14 3%
Bottles of mineral water 5 1%
Vendors/tankers 4 1%
Total 794 177%
4.1.2. Quantity of water collected
For sources other than private water connections and private wells, households 
reported the quantity of water that they obtain from each source.  If the actual quantity of 
water taken from a source is used as a determinant of the most widely used source rather than 
the number of people using the source, then public taps are the most widely used water 
source in the rainy season followed closely by public wells and neighbors that give  away or 
sell water.  In the dry season more water is taken from public wells and approximately the 
same amount of water is taken from public taps and neighbors that give away or sell water.  
Table 4.3 contains a summary of the quantity of water collected per day by source along with 
the percent, mean, median, mode, and standard deviation, as well as the total amount of water 
collected from each source per day per household.
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Table 4.3 Liters of water collected per day by source
Rainy Season liters collected/day N Percent* Mean Median Mode Std dev Total
Public taps 152 34% 50.87 40 40 38.26 7732
Public wells 115 26% 61.57 50 50 65.77 7080
Neighbors that well or give water away 163 36% 41.72 25 20 84.03 6800
Vendors/tankers 4 1% 153.75 45 231.06 615
Stone taps 54 12% 80.56 30 30 109.62 4350
Other surface water sources (river/stream/lakes) 78 17% 47.81 30 10 69.73 3729
Rainwater 57 13% 33.96 20 20 30.59 1936
Bottles or mineral water 3 1% 4.00 5 5 1.73 12
Dry Season liters collected/day N Percent* Mean Median Mode Std dev Total
Public taps 152 34% 45.39 40 40 30.17 6900
Public wells 117 26% 66.41 50 50 67.11 7770
Neighbors that well or give water away 167 37% 41.29 30 30 81.90 6895
Vendors/tankers 4 1% 153.75 45 231.06 615
Stone taps 54 12% 81.30 30 20 108.43 4390
Other surface water sources (river/stream/lakes) 64 14% 59.73 40 20 76.99 3823
Bottles or mineral water 4 1% 4.25 4.5 5 0.96 17
*Percent refers to the percent of the 449 households that use each source
Although table 4.3 shows the amount of water taken from each source, it does not 
include private sources of water such as private wells.  Data on the quantity of water taken 
from private wells were not collected.  Based on the water data taken from households that 
are not connected to the municipal water supply, there were almost 400 households that did 
not use any water from private wells.  The water collected by households (using the sources 
listed in table 4.3) can be totaled to estimate the total amount of water used per day by each 
household that is not connected to the piped water supply and does not have access to a 
private well.  In the rainy season, these households collect approximately 82 liter/day, in the 
dry season they collect approximately 77 liters/day (see table 4.4 for median, mode and 
standard deviation).  This amount of water is very low considering that the average family 
size of the sample is approximately 8.  The average liters used per family member is 
approximately 11 liters a day.  This figure is extremely low compared to the US average 
water use by household members of 300 to 380 liters/day (USGS).
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Table 4.4 Total liters of water collected per day by household
N Mean Median Mode St Dev
Rainy season 392 82.28 60 50 88.64
Dry season 395 76.99 55 50 87.62
4.1.3 Cost of water
There is no monetary cost to collect water from most of the sources.  Only 13 out of 
169 households that get water from their neighbors reported having to pay for the water.  
Two of those household paid per bucket (average US$ 0.08 per bucket) and 11 paid per 
month (average US$ 2.28 per month).  Only 2 households paid for water from vendors or 
tankers, however only 4 households reported using water from vendors or tankers.   2 out of 
155 households pay approximately US$ 0.87 a month for use of public taps, and those 
households who purchase bottled water pay an average of US$ 0.43 a month.  Table 4.5 
gives a summary of monetary water costs. 
Table 4.5 Cost of water (US$) 
 N Mean Median Mode St dev
Neighbors that sell or give water away-per bucket 2 0.08 0.08 0.08
Vendors/tankers-per bucket 1 0.67 0.67 0.67
Bottled mineral water 5 0.43 0.27 0.27 0.51
Public taps-by month 2 0.87 0.87 0.28
Neighbors that sell or give water away-by month 11 2.28 1.33 1.33 2.36
Vendors/tankers-by month 1 1.33 1.33 1.33
Although the monetary cost for collecting water from most sources is very little, there 
are other costs associated with several of these sources.  For example, costs such as time 
spent walking to the source and waiting in line after arriving, and costs associated with 
equipment used in building and maintaining a private well or rain water collection system.  In 
addition to this paper see Pattanayak et al. (2005) for estimates of averting expenditures by 
households in Kathmandu.
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The distance to the water source was measured in either meters or minutes.  Both 
measurements show that stone taps are furthest away.  However, there was a large range of 
values reported for distance in both minutes and meters.  For example, three households 
reported having to spend 90 minutes walking to collect water from a river, stream, or lake.  
Because this does not seem extremely likely, the median and mode should be used to give a 
more accurate description of the distance to each source.  See table 4.6 for a list of distances 
to the water source and figures 4.1 and 4.2 for frequency distributions. 
Table 4.6 Distance to water source
Distance in meters N Mean Median Mode St dev
Public taps 53 44.4 20 20 57.06
Public wells 66 39.0 21.5 10 48.48
Neighbors that sell or give water away 86 31.5 20 15 47.59
Stone taps 24 138.1 50 50 169.94
Other surface water sources (river/stream/lakes) 15 125.0 30 30 187.86
Distance in minutes (time spent walking) N Mean Median Mode St dev
Public taps 127 5.2 3 1 5.50
Public wells 77 3.5 2 2 3.12
Neighbors that sell or give water away 102 6.7 4 5 8.39
Stone taps 38 6.8 5 1 6.60
Other surface water sources (river/stream/lakes) 78 8.9 5 15 7.11
Figure 4.1


























Time spent waiting to collect water at the source is another expense that must be 
considered when a household chooses a source.  More time is spent queuing at public taps 
then at any other water source.  Table 4.7 shows the time someone has to wait at the source 
during the busiest time of day to collect water.   
Table 4.7 Amount of time spent queuing at water source
Queue time during the dry season (minutes) N Mean Median Mode Std dev
Public taps 180 29.9 20 30 30.71
Public wells 143 10.9 5 5 17.00
Neighbors that sell or give water away 188 13.4 10 0 17.26
Stone taps 62 16.9 10 5 23.69
Other surface water sources (river/stream/lakes) 93 17.1 10 5 22.77
Another cost of collecting water is the cost of purchasing equipment such as a 
rainwater collection system or a pump for a well.  The price to replace or rebuild a private 
well ranges from US$ 0 to 670, table 4.8 shows the mean, median, and mode costs of 
replacing or rebuilding a private well.  Rainwater collection equipment is less expensive; 
however there are very few households that utilize this technology. 























Table 4.8 Cost of replacing current well and rainwater collection equipment (US$) 
 N Mean Median Mode Std dev
Private well 132 68.42 40.00 0 103.96
Rainwater equipment 58 3.73 4.00 4.00 2.56
4.1.4 Perceived Quality of water
Respondents were asked a number of questions regarding the quality of water from 
each source during both the rainy and dry seasons, including its taste, color, health risk, and 
reliability before treating or storing the water.  In both the rainy and dry season, stone taps 
were perceived to have the best taste and color, the lowest health risk (except for bottled 
water), and highest reliability.  The water sources with the poorest perception was neighbors 
that sell or give water away for both taste and color during the rainy season, private well was 
the lowest for perceived health risk during the rainy season, and rainwater was judged to be 
the most unreliable during the rainy season.  During the dry season other surface water 
sources (river/stream/lakes) got the worst score for taste and color, and vendors/tankers was 
perceived as having the highest health risk and being the most unreliable.  Table 4.9 shows 
the average ratings given for each source in the rainy and dry seasons.
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Table 4.9 Perception of water quality, health risk, and reliability
Taste of water color of water Health risk of water Reliability
excellent……1 very clean…1 serious risk…1 very regular…1
good….……..2 clean………2 some risk…...2 regular……….2
fair/normal…3 dirty……….3 little risk……3 irregular……..3
poor………...4 very dirty.…4 no risk………4 unreliable……4
Rainy Season perceived water quality N mean SD N mean SD N mean SD N mean SD
Public taps 176 3.17 0.82 175 2.74 0.66 171 2.37 0.87 175 2.39 0.63
Public well 133 2.92 0.67 138 2.40 0.59 127 2.50 0.70 142 1.91 0.59
Neighbors that sell or give water away 186 3.19 0.72 186 2.78 0.67 185 2.23 0.71 184 2.53 0.75
Private well 142 3.11 0.72 145 2.57 0.71 147 2.18 0.74 151 1.81 0.48
Vendors/tanker 4 2.50 0.58 4 2.00 0.00 6 2.67 0.52 5 2.80 1.10
Stone taps 61 2.26* 0.77 61 1.97* 0.60 60 2.97 0.78 62 1.69* 0.56
Other surface water sources 83 2.86 0.81 52 2.40 0.60 22 2.41 0.91 53 3.60 0.66
Bottles of water 0 0 4 3.25* 0.50 0
Dry Season perceived water quality N mean SD N mean SD N mean SD N mean SD
Public taps 119 2.60 0.62 119 2.20 0.46 118 2.67 0.63 120 2.78 0.80
Public well 93 2.51 0.64 94 2.09 0.46 90 2.63 0.64 95 2.29 0.60
Neighbors that sell or give water away 138 2.57 0.69 137 2.13 0.50 138 2.64 0.69 137 3.05 0.80
Private well 80 2.60 0.70 82 2.17 0.44 80 2.53 0.66 84 2.21 0.56
Vendors/tanker 3 2.33 0.58 3 2.00 0.00 4 2.50 0.58 4 3.25 0.50
Stone taps 40 1.95* 0.75 40 1.73* 0.45 40 3.18* 0.75 40 1.98* 0.70
Other surface water sources 15 3.00 0.65 17 2.65 0.61 14 2.71 0.73 17 2.71 0.77
* indicates the most desirable score (ex. highest or lowest)
4.1.5 Methods used to treat and store water
Of the 449 households that are not connected to the municipal water supply 172 
(38%) treat or filter their water.  Approximately 70% of households that treat their drinking 
water either use only a filter, or boil and filter it.  Approximately 17% boil it without 
filtering, and approximately 3% use chlorine alum or potash or another method to treat their 
water.  Table 4.10 shows the number of respondents and the method they use for treating 
their drinking water. 
Table 4.10 Method for treating drinking water
N Percent
Boil only 46 26.7
Filter only 58 33.7
Boil and filter 63 36.6




Less than a fourth of unconnected households have an overhead storage tank.  
Overhead storage tanks are used to store water and to increase water pressure.  Households 
with wells and household the collect rainwater account for the majority of non-connected 
households that have an overhead storage tank.  About 50% of those households with an 
overhead storage tank own only one, the rest have between two and four.  The storage tanks 
average 1500 liters and cost an average of US$ 87; however there are a wide range or sizes 
and costs reported in the survey.  See table 4.11 for the mean, median, mode and standard 
deviation of storage tank size and cost.  
Table 4.11 Households with an overhead storage tank N=99 (22% of households)
No. of tanks per HH Volume of storage tanks cost of tank (US$) 
Mean 1.41 1474 85.51
Median 1 800 53.33
Mode 1 500 66.67
St dev 0.67 1966 119.59
4.1.6 Activities for which water is used
Respondents were asked if they used water from each source for drinking, cooking, 
bathing, washing, and other activities in the rainy and dry seasons.  Table 4.12 shows the 
percent of households that use water from each source for the above mentioned activities.  
The percentages in table 4.12 do not correspond exactly with the answers given by the 
respondents when asked about the taste, color, health risk, and reliability of the water source.  
When respondents were asked about taste, color, health risk, and reliability, stone taps were 
considered to be the best in both the rainy and dry season.  However, according to the figures 
in table 4.12 only 82% of households that collect water from stone taps use that water for 
drinking.  Conversely, although public taps and water from neighbors did not receive high
ratings from household responses, 95% of people that collect water from public taps and 94% 
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of people who get water from neighbors that sell or give water away use the water for 
drinking in the rainy season, and 92% from public taps and 98% from neighbors in the dry 
season.  One possible reason for this it that although the water from stone taps is perceived to 
be of higher quality it is not as accessible as public taps and neighbors that give or sell water.   
There are at least three sound conclusions that can be taken from table 4.12.  The first is that 
rainwater and water from tankers/vendors is rarely used for drinking or cooking.  The second 
is that there are no sources (except bottled water) that 100% of respondents use for drinking.  
The third is that although private wells are closer to the household’s living facilities, only 
57% use the water from private wells in the rainy season and only 61% use the water for 
cooking.  This indicates that other sources are either more convenient or have a higher 
perceived quality.  This is in fact the case (as reported in table 4.9); private wells rate almost 
the same in taste, a little better than other sources for color, but have the lowest score of all 
sources for health risk. 
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Table 4.12 Percent of Households that use water from each source for the following activities*
Rainy Season
Source Drinking Cooking Bathing Washing Other
Public taps 95 89 71 70 63
Public well 80 80 87 86 74
Neighbors that 94 82 33 31 22
Private well 57 61 90 94 92
Vendors/tanker 25 25 100 100 100
Stone taps 82 80 73 76 73
Other surface w 67 72 68 72 72
Rain water 3 7 28 91 93
Bottled miner water 100 0 0 0 0
Dry Season
Source Drinking Cooking Bathing Washing Other
Public taps 92 87 65 62 54
Public well 84 84 87 87 75
Neighbors that 98 85 33 29 21
Private well 59 62 89 92 90
Vendors/tanker 50 50 100 100 100
Stone taps 84 82 75 76 70
Other surface w 51 55 71 73 70
Bottles of mineral water 100 0 0 0 0
*Example of how to read this table: 95% of HHs who use public taps use the water for dinking.  7% of HHs 
who collect rainwater use it for cooking
4.2 Sanitation
4.2.1 Types of Sanitation Systems
The household’s main sanitation facilities were categorized into 6 groups: water-
sealed toilet, pit latrine, public latrine, neighbor’s toilet, bush/no facility, and other.  Because 
none of the households in this sub-sample are connected to the piped water system and 
because water-sealed toilets require large amounts of water, one might imagine that there 
would not be very many households that use water-sealed toilets.  However, this reasoning is 
incorrect; approximately 78% of these households use some type of water-sealed toilet.  Of 
the households that have water-sealed toilets, fewer than 9% have cistern flush toilets, 89% 
have pour-flush toilets, and fewer than 3% have both.  If those households that use their 
neighbor’s toilet are included, there are approximately 82% of households using water-sealed 
toilets, and about 18% using other types of sanitation systems.  Table 4.13 shows a 
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breakdown of the different types of sanitation systems and the number and percent of 
households that use the system as their main sanitation facility.  
Table 4.13 Number and Percent of Households using each type of sanitation system
Type of sanitation system No. of HHs using this type of system Percent
Water-sealed toilet 350 78
Pit latrine 13 3
Public latrine 33 7
Neighbor’s toilet 16 4
Bush/no facility 24 5
Other 13 3
Total 449 100
Of the households that use water-sealed toilets, about 77% are the only households to 
use the toilet(s) and approximately 23% of households share a toilet(s) with between 2 and 9 
households.  Table 4.14 shows the number of households that use each toilet, and the number 
of toilets per household.  
Table 4.14 Number of toilets per household
Total No. of HHs that use the toilet (percent)
No. of toilets 1 2 3 4 5 6 >6 Total
        1 218 (62%) 41 (12%) 11 (3%) 4 (1%) 5 (1%) 3 (1%) 282 (81%)
        2 41 (11%) 4 (1%) 3(1%) 3 (1%) 2 (<1%) 53 (15%)
        3 5 (1%) 1 (<1%) 1 (<1%) 7 (2%)
        4 3 (1%) 1 (<1%) 1 (<1%) 5 (1%)
        5 2 (<1%) 2 (<1%)
        6 1 (<1%) 1 (<1%)
Total 270 (77%) 45 (13%) 15 (4%) 9 (3%) 6 (2%) 3 (1%) 2 (<1%) 350 (100%)
4.2.2 Disposal of wastes
The large number of households that use water-sealed toilets also need a place to 
dispose of their wastes.  There are several methods used by these households.  Namely: 
septic tank, sewer system, river, outside/land, or another method.  Approximately 56% of 
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households are connected to the sewer system, 40% use septic tanks, 3.5% discharge their 
waste into a river and 1.5% discharge outside/on land or use another method.  
There are costs associated with a few of these methods, for example there is a charge 
to connect to the sewer system.  The average charge is US$ 34.83 (st dev 40.19, median 
16.00, mode 0).  Septic tanks have greater costs.  The average cost to have a septic tank 
installed is US$ 132.04 (st dev 115.52, median 106.67, mode 133.33) and the average cost to 
have a septic tank cleaned is US$ 26.57 (st dev 21.04, median 20.00, mode 20.00).  Although 
these figures reflect the costs of sanitation services, no information was collected about the 
frequency of cleaning a septic tank, so the real cost of maintaining a septic tank can not be 
accurately calculated.  The other methods for disposing of wastes (river, outside/land) have 
no monetary costs but there will most likely be health and environmental consequences that 
could translate into costs in the future.  Another factor that may be used when deciding to 
connect to the piped sewer system is monthly cost, however there was no information 
regarding monthly cost (if any) collected in this survey.  Table 4.15 shows a summary of the 
costs associated with sanitation systems.  
Table 4.15 Costs associated with sanitation systems (US$) 
 n mean median mode sd
Cost to have septic tank installed 137 132.04 106.67 133.33 115.52
Cost to clean septic tank 136 26.58 20.00 20.00 21.04
Cost to have pit latrine built 13 36.21 33.33 33.33 38.78
Cost to have clean pit latrine 13 6.35 6.67 6.67 5.38
Cost to use public latrine 3 0.02 0.03 0.03 0.02
Anticipated two your costs for improving system 121 119.13 53.33 133.33 210.81
4.2.3 Costs associated with public latrines
Although households that use public latrines do not have to pay to construct and 
maintain the latrines, they are sometimes required to pay a usage fee of up to US$ 0.03.  
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Households reported spending an average of US$ 0.10 a week (st dev 0.33, median and mode 
0).  Some of these households also have to walk up to almost 180 meters to use the public 
latrine.  The average distance that households walk is 46 meters (st dev 67, median 10, mode 
0).  Another cost associated with public latrines is the time spent queuing once arriving at the 
latrine.  During the busiest time of day households wait in line for an average or 10 minutes 
(st dev 10, median 5, mode 5).  Those households who use public latrines reported that an 
average of 80 other household also use the public latrine on a regular basis (st dev 148, 
median 30, mode 30).  The average distance that households walk to use their neighbor’s 
toilets is 14 meters (st dev 16, median 7.5, mode 0).  Sharing with others is also much less 
than with public latrines.  
4.2.4 Satisfaction with Sanitation Systems
Households were asked to indicate their level of satisfaction with their sanitation 
system.  They were given a choice of four categories, “very satisfied”, “somewhat satisfied”, 
“less than satisfied/somewhat dissatisfied”, and “not satisfied at all”.  Households with water-
sealed toilets were most satisfied with their sanitation system, with the average household 
being somewhat satisfied.  In general those households that are connected to the sewer 
system judge it to be “good to fair” in terms of reliability, and on average households overall 
are “somewhat satisfied” with the sewer system.  Table 4.16 shows the level of satisfaction 
with each type of sanitation system.
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Table 4.16 Household’s satisfaction level regarding their existing sanitation facility
Level of Satisfaction by number of households and percent
1. Very satisfied 2. Somewhat satisfied 3. less than satisfied/ 4. Not satisfied at all Average
  somewhat dissatisfied (st dev)
Water-sealed toilets 18 279 47 6 2.11
(5%) (80%) (13%) (2%) (0.49)
Sewer system (for 8 120 48 19 2.4
water-sealed toilets) (4%) (62%) (25%) (10%) (0.72)
Public Latrines 0 15 14 4 2.66
(46%) (42%) (12%) (0.69)
Neighbor’s toilet 1 6 8 1 2.56
(6%) (38%) (50%) (6%) (0.73)
Pit Latrines 0 3 7 3 3
(23%) (54%) (23%) (0.71)
Households with pit latrines were less than satisfied/somewhat dissatisfied with their 
sanitation systems (see table 4.16).  Households with pit latrines only make up 3% of the 
sample, of these 13 households one household had 3 latrines and all the others had only 1 
latrine.   The majority of these households did not share their latrines with another family, 
three households reported sharing with one other household and 3 households reported 
sharing with 3 or more households.  
The satisfaction level of those households using public latrines is approximately the 
same as than those using pit latrines.  Households that use their neighbor’s toilets are a little 
more satisfied with their sanitation system then those households using public latrines.  In 
general households that use their neighbor’s toilets do not have to walk as far as those 
households who use public latrines.  The average household that uses their neighbor’s toilets 
only shares with an average of 2 families (st dev 1, median 2, mode 2).  
There were 24 households that reported using another sanitation system for their 
regular sanitation needs.  These families used either a field (67%) or a vacant lot (33%).  No 
information was collected regarding satisfaction with these methods.  
73
4.3 Cross tabs
I have shown where households in Kathmandu get their water and what type of 
sanitation systems they use to dispose of their waste.  This section explains where the water 
comes from and where it goes, i.e. the water source used most frequently by the households 
and the methods of waste disposal used by the households.  Perhaps the most interesting 
finding resulting from this survey and study is that 82% of households that are not connected 
to the water supply use water-sealed toilets.  Respondents were asked about the quantity of 
water used from each of the sources.  Table 4.17 is a result of breaking down the quantity of 
water used into groups according to the type of sanitation system used by the household; it 
shows the water source used by households relative to the type of sanitation system used. 
Table 4.17 Actual quantity (l/day) of water used from each source broken down into the type of sanitation facilities used by 
the household*
Rainy Season
Sanitation type / neighbor’s vendors other Bottled
water source public taps public well that sell/give tankers stone taps surface rainwater water Total Q
Cistern flush 325    1% 50      <1% 1385   4% 90    <1% 30       <1% 70       <1% 180    1% 10  <1% 2140      7%
Pour flush 4962  15% 5880  18% 4418   14% 525  2% 3635   11% 2763   9% 1406  4% 2    <1% 23591    73%
Pit latrine 410      1% 355      1% 85      <1% 0 265     1% 10     <1% 5      <1% 0 1130        4%
Public latrine 680      2% 200      1% 412      1% 0 345     1% 110   <1% 115  <1% 0 1862        6%
Neighbor’s toilet 270      1% 215      1% 325      1% 0 25     <1% 100   <1% 230    1% 0 1165        4%
Bush/no facility 725      2% 180      1% 30      <1% 0 0 636     2% 0 0 1571        5%
Other 360      1% 200      1% 145    <1% 0 50     <1% 40     <1% 0 0 795          3%
Total 7732  24% 7080  22% 6800  21% 615  2% 4350  14% 3729  12% 1936  6% 12  <1% 32254  100%
Dry Season
Sanitation type / neighbor’s vendors other Bottled
water source public taps public well that sell/give tankers stone taps surface water Total Q
Cistern flush 335      1% 100    <1% 1357    5% 90  <1% 30      <1% 70      <1% 14  <1% 1996        7%
Pour flush 4033  13% 6295  21% 4542  15% 525  2% 3715  12% 2873    9% 3    <1% 21986    72%
Pit latrine 360      1% 485      2% 80      <1% 0 265      1% 10     <1% 0 1200        4%
Public latrine 802      3% 260      1% 420      1% 0 310      1% 110   <1% 0 1902        6%
Neighbor’s toilet 265      1% 280      1% 321      1% 0 20      <1% 100   <1% 0 986         3%
Bush/no facility 735      2% 150      1% 30      <1% 0 0 620   2% 0 1535        5%
Other 370      1% 200      1% 145      1% 0 50      <1% 40     <1% 0 805          3%
Total 6900  23% 7770  26% 6895  23% 615  2% 4390  14% 3823  13% 17  <1% 30410  100%
*example of how to read this table: 325 liters of water collected from public taps in the rainy season was collected by households that use a 
cistern flush toilet for their main sanitation facility (1% of the total liters of water collected from all sources).
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4.4 Comparison of households not connected to the water supply with those households 
who are connected
This section briefly discusses the socio-economic characteristics of those households 
who are not connected to the municipal water supply.  Then, in order to see if there is 
actually a difference between the 449 households that are not connected to the piped water 
supply and the 1051 households that are connected to the water supply, I have taken a few 
variables from the survey and determined how similar and different these two groups are.
This is presented to show the difference in key indicators of poverty such as human capitol 
(education level and the ability to read), the number of children in a household that are 
attending school, family size, the number of rooms in a house, and the ability to borrow 
money.  The difference between these two groups of people on key indicators of poverty 
illustrates a difference in the level of poverty associated with those household that are 
connected to a municipal water supply and those who are not.  
Of the 449 households that are not connected to the municipal water supply, 85% 
have a male that is the head of the household.  The average age of the head of the household 
is 36.7 years old and has completed 5.8 years of education.  59% of the heads of households 
are able to read a newspaper well.  The spouses of heads of households have completed 5.21 
years of school and 49% are able to read the newspaper well.  Households not connected to 
the water supply have on average 7.9 members of the family living at home.  They have 2.3 
children that are school age, and 2.1 children who are attending school.  The average income 
for these families is US$ 119.85, and approximately 28% of them perceive themselves as 
being poor or destitute.  Although 94% of these households have electricity, 25% use dung or 
straw for cooking fuel.  The average electric bill for these families is US$ 4.08.  
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Approximately 92% own their home, and on average their home has 4.4 rooms.  When asked 
whether they were able to borrow US$ 40.00 – 66.67, 40% responded that they wound not be 
able to borrow that amount of money.  Finally, on average these households spend 
approximately US$ 122.37 a month.  The actual responses to these socio-economic questions 
had a lot of variability, for a complete list of averages and standard deviations of numerical 
data please see table 4.18, for categorical data see table 4.19.   
Table 4.18 Socio-economic characteristics of households not connected to the municipal water supply
N Mean Median Mode Std dev
Age of head of HH 449 36.7 34 30 14.1
Education of head of HH, years completed 449 5.8 5 5 5.08
Education of spouse, years completed 327 5.2 4 0 5.0
Ability of head of HH to read newspaper 449 1.7 1 1 0.8
Ability of spouse to read newspaper 351 1.9 2 1 0.9
No. of school aged children in house 315 2.3 2 2 1.4
No. of children attending school 315 2.1 2 1 1.3
Income (US$) 437 119.85 80.00 66.67 131.01
Family size 392 7.9 7 7 2.7
No. or rooms in house 411 4.4 4 4 3.0
Monthly HH Expenditure (US$) 447 92.64 74.67 66.67 68.87
HH electric bill last month 424 4.08 2.24 1.04 5.08
Table 4.19 Comparison of households without a private water connection to those households with a private 
connection
No Private water connection Private water connection Comparison
Total n=449 Total n=1051
Sex of head of HH 383 910 	2=0.44
(n, % male, Expected count, 85% 87% df=1
ASR) 387.0, -0.7 906.0, 0.7 p=0.5092
Age of head of HH 36.73 36.75 F=0
(mean, sd) df=(1, 1498)
14.09 14.35 p=0.9778
Education of head of HH, 5.77 9.04 F=150.18
grade completed df(1, 1498)
(mean, sd) 5.08 4.59 p<.0001
Education of spouse, 5.21 7.76 F=57.06
grade completed df=(1, 1044)
(mean, sd) 5.03 5.07 p<.0001
Ability of head of HH to read 265 895 	2=78.02
newspaper (n and % of group able 59% 85% df=2
to read well, expected count, ASR) 347.2, -11.1 812.7, 11.1 p<.0001
Ability spouse to read newspaper 171 518 	2=48.89
(n and % of group able to read 49% 70% df=2
well, expected count, ASR) 221.3, -6.7 467.7, 6.7 p<.0001
No. of school aged children in 2.31 2.18 F=1.60
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house (mean, sd) df=(1,930)
1.37 1.45 p=.2064
No. of school aged children 2.12 2.13 F=.01
attending school (mean, sd) df=(1, 930)
1.29 1.47 p=0.9133
Income (mean, sd) 119.85 180.81 F=54.28
df=(1, 1449)
131.01 150.07 p<.0001
Electricity (n and percent with 424 1050 	2=55.32
electricity, expected count, ASR) 94% 100% df=1
441.2, -7.4 1032.8, 7.4 p<.0001
Family size (mean, sd) 7.86 8.24 F=4.84
df=(1, 1280)
2.71 2.94 p<0.0280
Self perception of poverty level 125 106 	2=76.11
(n and % who perceive themselves 28% 10% df=1
as poor or destitute, expected count, ASR) 69.1, 8.7 161.0, -8.7 p<.0001
Type of cooking fuel used 112 83 	2=80.83
(n and % who use wood/dried cow 25% 8% df=1
dung/straw, expected count, ASR) 58.3, 9.0 136.6, -9.0 p<.0001
Family owns their house 411 902 	2=9.41
(n and % who own their home, 92% 86% df=1
Expected count, ASR) 393.0, 3.1 920.0, -3.1 p<.0001
No. of rooms in house 4.44 6.53 F=121.88
(mean, sd) df=(1,1311)
2.98 3.27 p<.0001
Ability to borrow money (n and % 165 283 	2=15.85 
who are not able to borrow US$ 40% 29% df=1
40.00-66.67, expected count, ASR) 133.3, 4.0 314.7, -4.0 p<.0001
Monthly HH expenditure 122.37 154.53 F=2.63
(mean, sd) df=(1,1498)
570.05 194.30 p<0.1050
HH electric bill last month 4.08 8.00 F=62.78
(mean, sd) df=(1,1269)
5.07 723.95 p<.0001
There are several differences between these two groups besides their water sources.  
One of the biggest differences appears to be the level of education.  The difference of the 
means between the two groups is >3 years for the head of the household and >2 years for 
their spouses with the larger mean belonging to the 1051 households that are connected to the 
water system (see table 4.19 for significance statistics).  Closely related to education, the 
ability to read was also higher in the connected group for both the heads of households and 
their spouses.  The number of rooms in houses connected to the water supply was more then 
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2 more than those households not connected to the water system.  Correspondingly, the 
electric bills of those connected were larger than those not connected to the piped water 
supply (most likely do to the larger house size).  Income, a commonly used indicator of 
poverty was more then US$ 60.00 lower in those households not connected to the municipal 
water supply.  There is also a variables that one would expect to see being greater for those 
connected to the private water connection than for those not connected; the percent of 
households that own their houses in the group that is not connected is 92% where the percent 
of households that own their house in the connected group is only 86%. See table 4.19 for a 
list of common variables compared from the two groups.     
4.5 Poverty in Kathmandu 
Despite the fact that more poverty relief efforts are targeted at the Kathmandu valley 
than the rest of the country, some researchers claim that poverty in Kathmandu is increasing.  
At the time the data used for this study were collected, it was estimated that Kathmandu had 
a poverty rate of approximately 4%.  In August of 2004 some researchers estimated that the 
poverty rate in Kathmandu had risen to around 10% (Raj Kumar 2004).  This increase in 
urban poverty was mainly due to two things: violence from Maoists who were trying to 
overthrow the “old” regime, and failure of governance.  Because of the Maoists conflict, 
development activities have been greatly reduced and there has been considerable damage to 
public and private property (DFID 2004).  However, the failure of the government to govern 
with transparency is also considered a main cause of the increase in poverty, and has also 
been used by the Maoists to gain support (DFID 2006).     
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Figure 4.1 shows a Lorenz Curve for the Kathmandu household survey data i.e. what 
portion of the population receives different levels of income.  If x percent of the population 
received x percent of the income then there would be perfect equality in the population, i.e. 
the income would be distributed equally.  As can be seen in the figure, income is not 
distributed equally.  For instance, the lower 20 percent of the population only receive about 5 
percent of the income while the upper 20 percent of the population receive more than 50 
percent of the income.   























Line of Perfect Equality
Although the poverty rate in Kathmandu is only 4% (based on 2001 figures), this 
should not be misunderstood.  The poverty rate in 2004 for the United States was 12.7% (US 
Census Bureau).  Comparing these two numbers would suggest that the United States has 
more poverty than Kathmandu.  It is obvious that the two poverty rates are not calculated 
using the same definition of poverty.  According to Pritchett (2003), the US uses a poverty 
rate of approximately $15 a day per capita.  If this same rate were to be applied to 
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Kathmandu, almost everyone would be considered poor.  It is important to keep in mind that 
although a 4% poverty rate in Kathmandu sounds impressively low, in reality poverty in 
Kathmandu is still widespread.
There is more to poverty than just income.  Newer definitions of poverty include 
more than income, such as material deprivation, low achievements in education and health, 
vulnerability and exposure to risk, lack of voice and empowerment, low gender equality, lack 
of maternal health, and lack of environmental sustainability.  As can be seen from the 
preceding tables, in addition to being income-poor the residents of Kathmandu also have 
challenges in many of the areas just mentioned.  
Chapter 5
Results
5.1 Poverty Standard 1 and Poverty Standard 2
Applying the poverty standards to the Kathmandu data set results in 117 households 
(9% of the sample) being classified as poor by poverty standard 1 and 242 households (17% 
of the sample) being categorized as being poor by poverty standard 2.  Poverty standard 1 is 
stricter than poverty standard 2 so there is less of a chance that households that are actually 
not poor were included in the first poverty standard; however, based on the conscientious 
construction of the poverty standards, both standards accurately indicate which households 
are actually poor.
As explained in chapter 3, both poverty standards were constructed using income, 
expenditure, asset, and self perception data.  In order to collect the data it was necessary to 
perform a household survey (for a description of the survey see Whittington et al. 2002 and 
Pattanayak et al. 2001).  Because the objective of this project is to use water and sanitation 
indicators to assess poverty and thus avoid having to conduct an expensive household survey 
I will now determine if the poor households revealed by the two poverty standards could 
have been found using water and sanitation indicators.
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5.2 Water and Sanitation Indicators of Poverty
Using the water and sanitation poverty standard explained in chapter 3 I was able to 
correctly assess 87% of the poor households and 6 7% of the non-poor households based on
poverty standard 1.  Figure 5.1 show a Venn diagram of the number of households that are 
poor by the water and sanitation standard (A+B), the number of households that are poor by 
the first poverty standard (B+C), the number of households that are poor by both the water 
and sanitation standard and the first poverty standard (B), and the households that are not 
poor by either standard (D).  Table 5.2 shows the number of households in each category as 
well as the percent of the poor and non-poor that were targeted correctly, and the total 
number of households that were classified as being poor by water and sanitation indicators 
and by poverty standard 1. 
To clarify what is being presented in the following tables below is an example table 
(Table 5.1) with an explanation of each part of the table.  These tables show how water and 
sanitation track poverty based on the two poverty standards.  These tables were constructed 
by determining the percent of the population that would be considered poor by each water 
and sanitation indicator and then checking to see if those households were also considered 
poor by the poverty standards.   
Table 5.1 Explanation of inclusion-exclusion tables
Poor by Income Non-poor by Income Total
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Figure 5.1 Venn diagram of W&S poor households and poverty Standard 1
Table 5.2 Inclusion-exclusion table of W&S poor by poverty standard 1
Poor by standard 1 Not poor by standard 1 Total
Poor by W&S 102 (87%)* 443 (33%)* 545 (38%)
Not poor by W&S 15 (13%)* 891 (67%)* 906 (62%)
Total 117 (8%) 1334 (92%) 1451 (100%)
*these are the column percents ex. 87% of the poor by standard 1 are also poor by W&S
Using the results from table 5.1, the total percent of households that are assessed
correctly using water and sanitation is approximately 68%.  A large portion of the error (33% 
of the non-poor by poverty standard 1) comes from households that are included as being 
water and sanitation poor and are actually not poor.     
Figure 5.2 shows a Venn diagram of water and sanitation poor households (A+B), 
households that are poor based on poverty standard 2 (B+C), the number of households that 
are poor by both standards (B), and the households that are not poor by either standard (D).
Table 5.3 shows the number of households in each category as well as the percent of the poor 
and non-poor that were targeted correctly, and the total number of households that were 
classified as being poor by water and sanitation indicators and by poverty standard 2.  
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Figure 5.2 Venn diagram of W&S poor households and poverty Standard 2
Table 5.3 Inclusion-exclusion table of W&S poor by poverty standard 2
Poor by standard 2 Not poor by standard 2 Total
Poor by W&S 197 (81%)* 348 (29%)* 545 (38%)
Not poor by W&S 45 (19%)* 861 (71%)* 906 (62%)
Total 242 (17%) 1209 (83%) 1451 (100%)
Using poverty standard 2 results in 73% of all households being assessed correctly 
and only 29% of non-poor households being incorrectly included in the water and sanitation 
poverty measure.    
5.3 Household indicators 
In addition to using water and sanitation household indicators I used the type of 
cooking fuel a household uses to reduce the number of households that were categorized as 
being poor. If households used electricity or gas as cooking fuel they were categorized as 
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being not poor.  This resulted in an increase in the total number of households targeted 
correctly, and an increase in the number of non-poor households target correctly (from 891 to 
950 households targeted correctly).  Figure 5.3 and 5.4 show Venn diagrams of water, 
sanitation and cooking fuel poor households with poverty standard 1 and poverty standard 2.  
Tables 5.4 and 5.5 are the inclusion and exclusion tables for both poverty measures compared 
with water and sanitation + cooking fuel as household indicators of poverty.
Figure 5.3 Venn diagram of W&S + cooking fuel poor households and poverty Standard 1 
households
Table 5.4 Inclusion-exclusion table of W&S + cooking fuel poor by poverty standard 1
Poor by standard 1 Not poor by standard 1 Total
Poor by W&S 102 (87%)* 384 (29%)* 486 (33%)
Not poor by W&S 15 (13%)* 950 (71%)* 965 (67%)
Total 117 (8%) 1334 (92%) 1451 (100%)
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Figure 5.4 Venn diagram of W&S + cooking fuel poor households and poverty Standard 2 
households
Table 5.5 Inclusion-exclusion table of W&S + cooking fuel poor by poverty standard 2
Poor by standard 2 Not poor by standard 2 Total
Poor by W&S 194 (80%)* 292 (24%)* 486 (33%)
Not poor by W&S 48 (20%)* 917 (76%)* 965 (67%)
Total 242 (17%) 1209 (83%) 1451 (100%)
5.6 Poverty Measurement Comparisons
The three poverty measurements (income, expenditure, and assets) were compared to 
one another using the PROC CORR function with the SPEARMAN option in SAS.  
Spearman Correlation Coefficients were determined for each of the measures.  The figure 
below (table 5.6) shows the correlation coefficients and the p value for each coefficient.  
These tables are presented to demonstrate the correlation between the poverty assessment 
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methods and also to show how the correlation between the methods change as water and 
sanitation indicators are added to the asset index.
Table 5.6 Spearman Correlation Coefficients for Poverty Measurements (water and sanitation 
indicators included in the asset index)
Asset F-scores Income Expenditures  
Asset F-scores 1.000 0.715 0.685
p <.0001  <.0001
Income 0.715 1.000 0.785
p <.0001  <.0001  
Expenditures 0.685 0.785 1.000
p <.0001  <.0001  
Table 5.7 Spearman Correlation Coefficients for Poverty Measurements (Water and 
sanitation not included in the asset index)
Asset F-scores Income Expenditures  
Asset F-scores 1.000 0.723 0.690
p <.0001  <.0001
Income 0.723 1.000 0.785
p <.0001  <.0001  
Expenditures 0.690 0.785 1.000
p <.0001  <.0001  
Because poverty lines are generally based on a percent of the population that falls
below a certain income level, in addition to the showing the correlation of the three poverty 
assessment tools, it is useful to see how the data are distributed by quartile.  The following 
tables show where the households in the lower quartile, the middle two quartiles, and the 
upper quartile as well as the upper 5thpercentile, by one poverty assessment method are 
distributed when assessed by another poverty assessment method.  The first table (table 5.8) 
shows income by expenditures.  The next four tables show income and expenditure data by 
asset data with and without water and sanitation indicators.  This is to demonstrate the effect 
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water and sanitation indicators have on the correlation of an asset index versus the other 
methods of poverty assessment.
Table 5.8 quartile distribution of income and expenditures*
Expenditures
Income Poorest 25% Middle 50% Upper 25% Upper 5% Total 
Poorest 25% 72% 26% 2% 1% 100%
(269) (97) (9) (5) 375
Middle 50% 13% 76% 10% 1% 100%
(96) (555) (75) (10) 726
Upper 25% 3% 26% 71% 0% 100%
(11) (92) (247) 350
Upper 5% 3% 22% 75% 36% 100%
(2) (16) (54) (26) 72
376 744 331 15 1451**
*Example of how to read this table: the poorest 25% by income and the poorest 25% by expenditures have 72% 
of households in common.
**This total does not double count the upper 5%.  The total does not equal 1500 (the total number of 
households) because households with missing data were not counted.
The most important cells in these tables are those cells on the diagonal from top left 
to bottom right.  These cells show the number and percent of households that are in common 
to the lowest 25%, the middle 50%, the upper 25%, and the upper 5%, of each poverty 
assessment method presented.
Table 5.9 quartile distribution of income and asset f-scores (including water and sanitation 
indicators)
Assets including water and sanitation indicators
Income Poorest 25% Middle 50% Upper 25% Upper 5% Total 
Poorest 25% 62% 36% 2% 0% 100%
(233) (135) (7) 375
Middle 50% 17% 65% 17% 1% 100%
(125) (475) (126) (10) 726
Upper 25% 2% 33% 65% 18% 100%
(7) (114) (229) (62) 350
Upper 5% 4% 29% 67% 21% 100%
(3) (21) (48) (15) 72
365 724 362 72 1451
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Table 5.10 quartile distribution of expenditures and asset f-scores (including water and 
sanitation indicators)
Assets including water and sanitation indicators
Expenditures Poorest 25% Middle 50% Upper 25% Upper 5% Total 
Poorest 25% 58% 39% 3% <0.00 100%
(219) (147) (10) (1) 376
Middle 50% 18% 62% 20% 3% 100%
(135) (462) (147) (22) 744
Upper 25% 3% 35% 62% 15% 100%
(11) (115) (205) (49) 331
Upper 5% 7% 23% 70% 25% 100%
(5) (16) (50) (18) 71
365 724 362 72 1451
Table 5.11 quartile distribution of income and asset f-scores (not including water and 
sanitation indicators)
Assets without water and sanitation indicators
Income Poorest 25% Middle 50% Upper 25% Upper 5% Total 
Poorest 25% 63% 36% 1% 0% 100%
(236) (134) (5) 375
Middle 50% 19% 64% 17% 1% 100%
(135) (466) (125) (9) 726
Upper 25% 2% 35% 63% 18% 100%
(7) (121) (222) (63) 350
Upper 5% 4% 31% 65% 25% 100%
(3) (22) (47) (18) 72
378 721 352 72 1451
Table 5.12 quartile distribution of expenditures and asset f-scores (not including water and 
sanitation indicators)
Assets without water and sanitation indicators
Expenditures Poorest 25% Middle 50% Upper 25% Upper 5% Total 
Poorest 25% 59% 39% 2% 0% 100%
(222) (146) (8) 376
Middle 50% 20% 60% 20% 3% 100%
(146) (448) (150) (20) 744
Upper 25% 3% 38% 59% 16% 100%
(10) (127) (194) (52) 331
Upper 5% 7% 25% 68% 28% 100%
(5) (18) (48) (20) 71
378 721 352 72 1451
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Comparing tables 5.8 and 5.9 with tables 5.10 and 5.11 (with and without water and 
sanitation indicators included in the asset index) shows that when asset data does not include 
water and sanitation indicators the poorest 25% of the population that is common to both 
asset data and income and expenditure data increase by approximately 3 households.  The 
middle 50% in common to all three poverty measures decreases by 9 and 14 households 
when compared to income and expenditure data respectively, and the upper 25% of 
households in common to all three poverty measures decrease by 7 and 11 households  when 
compared to income and expenditure data respectively.  The upper 5% common to all three 
poverty measures increases when water and sanitation indicators are not used by 3 and 2 
household using income and expenditures respectively.  In general, not including water and 
sanitation in the asset index increased the number of households common to the quartiles of 
income and expenditure data by 10 and 20 households respectively. 
5.7 Descriptive Data
A considerable amount of household characteristic data were collected in the survey 
which allowed me to conduct a principal components analysis for constructing an asset 
index.  In addition, the household characteristic data allowed me to compare characteristics 
of households from different water and sanitation groups to determine if there were 
significant differences between them.  The data included: age and ethnicity of the respondent, 
the number of children in the household, the number of children attending school,  the ability 
of the respondent and the respondent’s spouse to read the newspaper, as well as the number 
of years they attended school, the type of dwelling the household lives in and what materials 
it is made from, whether the family owns the dwelling, the number of rooms in the house, the 
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market value of their house today, the amount they pay for rent (if renting), their ability to 
borrow money, their income and how they are paid, their monthly expenditures, whether the 
household has electricity and the amount of last months electric bill, household assets, and 
type of cooking fuel used.  See figure 5.22 below for the averages and standard deviations of 
the household characteristics mentioned above for the entire sample (1500 households). 
Water and sanitation characteristics as well as poverty comparisons based on households 
with access to water and sanitation facilities were be presented in Chapter 3.  
Table 5.13  Mean and Standard Deviation of Household Characteristics
Variable N Mean Standard deviation
Age or respondent 1500 36.7 14.3
Children > 18 years 1500 4.18 2.12
Children >= 18 years old 1500 1.94 1.66
Year of schooling of respondent 1500 8.06 4.98
Year of schooling or spouse 1046 6.97 5.20
Children ages 6-15 years old 1478 1.38 0.49
Children ages 6-15 (male) 932 1.15 0.99
Children ages 6-15 (female) 932 1.08 1.06
No. of sons (6-15) attending school 932 1.09 0.95
No. of daughters (6-15) attending school 932 1.04 1.05
No. of rooms household uses 1313 4.59 2.26
No. of rooms rented out 1313 1.28 2.28
Total no. of rooms 1313 5.88 3.33
Value of house without land 1313 730727 3807524
Value of house with land 1313 138199 1781073
Total house and land 1313 2415289 12356468
No. of rooms rented (renters) 187 2.55 1.98
Rent/month 187 3140 9399
Food expenditures 1500 5193 4054
Medicine expenditures 1500 787 5835
Schooling expenditures 1500 1496 2217
Transportation expenditures 1500 719 998
Other expenditures 1500 1281 2037
Total expenditures 1478 10277 13052
Total income 1498 15763 23009
Last months electricity bill 1471 515 658
Last months telephone bill 1500 1553 10888
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Ability of head of household to read the newspaper Frequency Percent
Yes, easily 1160 77.33
Yes, with difficulty 134 8.9
Not at all 206 13.7
Ability of spouse to read the newspaper Frequency Percent
Yes, easily 689 63.0
Yes, with difficulty 135 12.4
Not at all 269 24.6
Type of dwelling unit Frequency Percent
Single family: single story 256 17.1
Single family: multi story 879 58.6
Multiple family: single story 47 3.13
Multiple family: multi story 318 21.2
Material used for floor Frequency Percent
Cement 933 62.2
Brick tile 47 3.1
Earth/mud 520 34.7
Material used for wall Frequency Percent
Red bricks/cement 892 59.5
Red bricks/mud 438 29.2
Raw bricks/mud 153 10.2
Other 17 1.1
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Material used for roof Frequency Percent
Concrete 872 58.13
Corrugated sheets 526 35.1
Tiles 79 5.3
Other 23 1.5
Respondents who own their home Frequency Percent
Own 1313 87.5
Rent 187 12.5








Main income sources Frequency Percent
Service 657 43.8
Business/industry 367 23.5
Manual labor 80 5.33
Self employed 194 12.9
House rent 42 2.8
Remittance 11 0.7




Not regular basis 446 29.7
Household has electricity Frequency Percent
With electricity 1474 98.3
Without electricity 26 1.7
Type of cooking fuel used by household Frequency Percent




Self perception Frequency Percent
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Wealthy 12 0.8
Quite well off 24 1.6





6.1 Water and Sanitation as indicators of Poverty
The first question I set out to answer with this project was: Can easily identifiable 
household water and sanitation characteristics be used for ex-ante evaluations to identify who 
the poor are in order to improve poverty targeting and decrease assessment costs?  Based on 
the figures and tables presented in chapter 5, water and sanitation do reasonable well in 
tracking the poor and non-poor in the Kathmandu case study.  The lowest amount that was 
assessed properly (68%) was from comparing water and sanitation poor households with the 
more strict poverty standard.  The highest number of households that were assessed properly 
(77%) was from comparing water and sanitation + cooking fuel poor households with the less 
strict poverty standard.
The major drawback of using water and sanitation or household indicators to 
assess poverty is the large number of households that are included which are not actually 
poor.  When using water, sanitation, and household indicators to assess poverty, practitioners 
should expect to find more non-poor households being categorized as poor than households 
that are poor being categorized as non-poor.  Ideally a practitioner would prefer to target only 
and all poor households, however, since this is not possible it is better to include households 
that may not be as poor then to exclude households that are poor.  This is especially true 
when using a poverty line for comparison where the difference between poor and non-poor 
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households may be little.  It is also helpful to keep in mind that often middle class households 
in developing countries would be considered poor by developed country standards.  When 
trying to reach the poor it is much better to include more households that may be less poor 
then to exclude any poor households.
The addition of cooking fuel as an indicator to the water and sanitation poverty 
standard reduced the number of households that were incorrectly assessed as being poor by 
59 and 56 households based on poverty standards 1 and 2 respectively, and only resulted in 3 
households being incorrectly categorized as being non-poor (error of exclusion) when 
comparing water and sanitation + cooking fuel poor households with poverty standard 2.
The key to correctly identifying poor households using water, sanitation, and other 
household characteristics is identifying the key household indicators that separate the poor 
from the non-poor.  The combination of indicators I use to assess poverty in this project
using the Kathmandu case study may not work well in other countries; however a practitioner 
may still be able to use water, sanitation, and other household indicators to assess poverty 
after discovering the key indicators that distinguish the poor from the non-poor.  These 
indicators may be easily discovered by asking professional development practitioners who 
have worked several years in a particular country and are familiar with the types of water and 
sanitation facilities available to households.  Some example indicators that could have been 
used in the Kathmandu case study are: whether a household has a mud floor, low quality 
walls and ceiling, lacks a phone, does not have electricity, and whether the respondent rents 
his or her home.
The indicators I chose to assess poverty in this project are only applicable in 
Kathmandu.  It is likely that the same or various other combinations of water and sanitation 
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indicators can be used to assess poverty in other developing areas.  However, in order to 
determine if water and sanitation indicators can be used as indicators of poverty in general 
more research is needed. 
Although water and sanitation correctly identified between 68% (water and sanitation 
indicators by poverty standard one) and 77% (water and sanitation indicators plus cooking 
fuel by poverty standard two) of the sample, those percentages include both the poor and 
non-poor households.  When water and sanitation poor households are considered 
independent of the non-poor households, the percent of properly assessed households is 
drastically reduced.  Using the tables from chapter 5 and just considering those households 
that are water and sanitation poor results in the following figures (see figure 6.1 to 6.4).
Figure 6.1 Water and sanitation poor households by poverty standard 1
HHs catagorized as poor using W+S indicators
443, 81%
102, 19%




Figure 6.1 shows the households that are categorized as being poor by water and 
sanitation standards broken down into those that are also poor by poverty standard 1 and 
those that are not poor by poverty standard one.  This figure shows that if water and 
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sanitation standards are used to assess poverty there is an 81% chance that a household that is 
characterized as being poor is actually not poor by poverty standard one.  Using the less strict 
poverty standard there is still a 64% chance that a household considered poor by water and 
sanitation standards is actually not poor by poverty standard 2.  
Figure 6.2 Water and sanitation poor households by poverty standard 2 
HHs catagorized as poor using W+S indicators
348, 64%
197, 36%




When cooking fuel is added to the water and sanitation indicators the results is that 
79% of households that are considered poor by the water and sanitation +cooking fuel
standard are actually not poor by poverty standard 1 (see figure 6.3), and 60% of households 
that are considered poor by the water and sanitation + cooking fuel standard are actually not 
poor by poverty standard 2 (see figure 6.4).
98
Figure 6.3 Water and sanitation + cooking fuel poor households by poverty standard 1
HHs catagorized as poor using W+S indicators
384, 79%
102, 21%




Figure 6.4 Water and sanitation + cooking fuel poor households by poverty standard 2








In the introduction I stated that using water and sanitation indicators would be useful 
in assessing poverty if practitioners were able to reduce the cost of their poverty reduction 
programs by using them.  This would mean that although water and sanitation indicators do 
not predict every poor and non-poor household accurately, they predict well enough so that 
the development agency is able to direct more funds to the households because they spend
99
less funds on poverty assessment.  I.e. the total cost of the program would be less using water 
and sanitation indicators to predict poverty than using income, expenditure, or assets to 
predict poverty.  The result would be that more money is directed to households, and less 
money is spent on assessment.
There is no magic number or percentage where one could say that below this 
percentage of correctly assessed households it would no longer be useful to use water and 
sanitation to predict poverty unless the exact nature of the poverty reduction program is 
know.  It is difficult to determine the trade off between the accuracy of the assessment tool 
and the targeting ability of the poverty reduction program when the mechanism for 
implementing the program is unknown.  However, it would be useful here to give two 
examples of the consequences of using water and sanitation indicators to predict poverty in 
Kathmandu on the household and community level to test how well the indictors would 
perform.
If water and sanitation were to be used on a household level they would correctly 
identify 68% of poor and non-poor households.  However, practitioners working to alleviate 
poverty are not concerned with targeting non-poor households therefore it is only necessary 
to focus on the households that are categorized as poor.  If a practitioner working in 
Kathmandu was using water and sanitation indicators to identify households that would 
receive a subsidy for their electric bill of for food coupons, that practitioner would be giving 
out subsidies to approximately 545 households or 38% of the population (see table 5.2).  
However, according to figure 6.1 only 19% of those households are actually poor (by poverty 
standard 1).  Therefore, using water and sanitation to assess poverty would result in including 
five times the number of households than are actually poor, which would obviously result in 
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spending five times the amount of money for the poverty reduction program.  This may be 
acceptable in cases where the funds necessary to carry out a more accurate poverty 
assessment (using another method such as income, expenditures, or assets) are greater than 
the funds used for the water and sanitation poverty assessment plus the cost of the poverty 
reduction program.    
In general, including an extra 31% of the population in a poverty reduction program 
would cost more than obtaining more accurate poverty assessment data.  Therefore, I would 
not recommend using water and sanitation indicators to assess poverty on the household 
level.
Another possible use of water and sanitation indicators to predict poverty would be 
for targeting poor communities, villages, or neighborhoods.  If a development organization 
was using water and sanitation indicators to assess poverty on the community or 
neighborhood level in Kathmandu they would again find that approximately 4 out of the 5 
households they found to be poor by using the water and sanitation indicators are actually not 
poor by poverty standard one.  This means that there is a probability of .81 (see figure 6.1) 
that a household considered poor by the water and sanitation standard is actually not poor (by 
poverty standard one).  With such a large probability of including households that are 
actually not poor, there would be a large probability of error when using water and sanitation 
indicators to compare neighborhoods, villages, or communities to each other.  Therefore 
water and sanitation indicators should also not be used on the neighborhood, community, or 
village level to assess poverty.
There is however a positive conclusion that can be taken from this research.  If the 
initiative or goal of the development organization is to improve water and sanitation, they 
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can be comforted in knowing that they are also including approximately 87% of the poor 
(based on poverty standard 1).
6.2 Including water and sanitation indicators in asset indices
 The second question I set out to answer in this project is: should household water and 
sanitation characteristics be included in asset indices?  Based on the correlation and tables 
presented in chapter five the addition of water and sanitation indicators to the asset index
does not improve the correlation of the asset index to the income and expenditure data; 
however there is only a slight difference.  When assessing the quartile tables presented in 
chapter five, there are mixed results.  The number of households common to the lower 
quartile, and the number of households common to the upper 5 percentiles of asset and 
income data, and asset and expenditures increases slightly.  However the number of 
households common to the two middle quartiles of the sample for asset and income data and 
asset and expenditure data decreases.  Summing the number of households common to the 
quartiles of income and assets data and expenditures and asset data, there are 10 less 
households common to income and asset quartiles, and 20 less households common to 
expenditures and asset quartiles when water and sanitation data is not included in the asset 
index.  This indicates that adding water and sanitation indicators does increases the ability of 
the asset index to track poverty, however, only very slightly.  
Although the correlation of the asset index with the income and expenditure data 
decreases when water and sanitation indicators are added, and the number of households 
common to quartiles of asset and income, and asset and expenditure data increases overall 
when water and sanitation indicators are added, this is not necessarily a contradiction.  If the 
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number of households common to each percentile was determined it would most likely 
confirm that the correlation does decrease when water and sanitation indicators are added.  
However, at the quartile level, more households are common to the two middle quartiles.  
This demonstrates that the addition of water and sanitation indicators to the asset index does 
not have large effect on its correlation with income and expenditure data.  
There are two concerns I have with concluding that using water and sanitation 
indicators do not have an effect on  the ability of the asset index to predict poverty.  
The first is that I use two indicators: whether or not a household was connected to the 
municipal water system, and whether or not they had a water-sealed toilet.  92% of 
households sampled had a water-sealed toilet and 70% of households had a private water 
connection to the municipal water supply.  I believe water and sanitation indicators would 
have had a bigger effect on how well the asset index assessed poverty if the indicators had 
been further broken down into the type of water-sealed toilet (cistern flush or pour flush), the 
sanitation facilities used in the households that did not have a water-sealed toilet (private
latrine, public latrine, neighbors toilet, and bush), and the source of water for those 
households without a private connection to the municipal water supply (stone taps, 
public/private wells, neighbors, and surface water).  This would have caused households to 
become more distinguished based on their water and sanitation facilities, and may have had a 
larger impact on how well the asset index assessed poverty.
My second concern is that many researchers believe that using asset indices to assess 
poverty is more accurate than using either income or expenditure data.  Therefore using 
income and expenditure data may not be the best standard for determining whether water and 
sanitation indicators increase the ability of asset indices to measure poverty.
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Because the asset f-scores were included in the “golden standards” of poverty, those 
standards could not be used to determine the affect of including water and sanitation in an 
asset index to assess poverty assessment.  However, the poverty standards were modified to 
exclude the asset data and a correlation was done to see if using water and sanitation 
indicators had an affect on the poverty predictability of the asset index.  The results were less 
correlated then those presented in chapter 5 for income and expenditure data but the 
difference in correlation when using water and sanitation indicators between the income and 
expenditure data and the revised poverty standards was practically the same.  
6.3 Future Research
In order to determine if using water and sanitation to predict poverty can be used in 
other areas the same type of project presented here needs to be done in other areas.  
Particularly it would be useful to see how water and sanitation indicators are able to predict 
poverty in rural areas, and other urban areas that offer different socio-economic situations 
than Kathmandu.
Adding water and sanitation indicators to the asset index in this project did not have a 
large effect on the ability of the index to predict poverty.  As mentioned earlier, it would be 
useful to see how water and sanitation indicators affect the index when they are broken down 
into more precise categories.   
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Appendix
Table 7.1 Show 1451 of the 1500 households by poverty measure, an “X” indicates that 
households are categorized as “poor” by the poverty assessment method in the heading.
Obs Self 
Perception












1 X X X X X X X X
2 X X X X X X X X
3 X X X X X X X X
4 X X X X X X
5 X X X X X X X X
6 X X X X
7 X X X X X X X X
8 X X X X X
9 X X X X X X X X
10 X X X X X X X X
11 X X X X X X X
12 X X X X X X X X
13 X X X X X X X X
14 X X X X X X X X
15 X X X X X
16 X X X X X X
17 X X X X X X
18 X X X X X X X
19 X X X X X X X X
20 X X X X X X
21 X X X
22 X X X X
23 X X X X X
24 X X X X
25 X X X X X X X X
26 X X X X X X X X
27 X X X X X X X
28 X X X X X X X X
29 X X X X
30 X X X X X X X
31 X X X X X X
32 X X X
33 X X X X
34 X X X X X X X X
35 X X X
36 X X X X X X X
















38 X X X X X X X X
39 X X X X X
40 X X X X
41 X X X X X X X
42 X X X X X X
43 X X X X X X X X
44 X X X X X X X X
45 X X X X X
46 X X X X X X X X
47 X X X X
48 X X X X X X X
49 X X X X
50 X X X X X X X X
51 X X X X X X X
52 X X X X X X X X
53 X X X X X X X
54 X X X X X X X X
55 X X X X X X X X
56 X X X X X X X X
57 X X X
58 X X X X X X
59 X X X X X X X X
60 X X X
61 X X X X X X X
62 X X X X X X X
63 X X X
64 X X X X X X X X
65 X X X X X X X X
66 X X X X X X
67 X X X X X X X X
68 X X X X X X
69 X X X
70 X X X X X X
71 X X X
72 X X X X X X X X
73 X X X
74 X X X X X X
75 X X X X
76 X X X X
77 X X X X
78 X X X X X X X
79 X X X
80 X X X X X X X X
81 X X X
82 X X X X
















84 X X X X X X
85 X X X X
86 X X X X X X X X
87 X X X X X
88 X X X X X
89 X X X X X
90 X X X X X X
91 X X X
92 X X X X X X
93 X X X X X X
94 X X X X X X X
95 X X X X X X X X
96 X X X
97 X X X X X X X
98 X X X X X X X
99 X X X X X
100 X X X X X X X
101 X X X X X X X X
102 X X X
103 X X X X
104 X X X X X
105 X X X X
106 X X X X
107 X X X X X X X X
108 X X X X
109 X X X X X X X X
110 X X X X
111 X X X X X X X X
112 X X X X X X
113 X X X X X X
114 X X X X X X X X
115 X X X X X X X X
116 X X X X X X
117 X X X X
118 X X X X X X X X
119 X X X
120 X X X X X X X
121 X X X X X X
122 X X X X X
123 X X X X X X X
124 X X X X X
125 X X X X X
126 X X X X X
127 X X X X X X X
128 X X X X X X X X
















130 X X X
131 X X X
132 X X X X X X X
133 X X X X X X X
134 X X X X X X X X
135 X X X X
136 X X X X X X X
137 X X X
138 X X X X
139 X X X X
140 X X X X X X X
141 X X X X X X X
142 X X X
143 X
144 X X X X X
145 X X X X X
146 X X X X X
147 X
148 X X X
149 X X X X
150 X X X X X X X
151 X X X X
152 X X X X X X X X
153 X X X X
154 X X X X X
155 X X X X
156 X X X X X
157 X X X X X
158 X X X X X X X X
159 X X X X X
160 X X X X X X X X
161 X X X X X X X
162 X X X X X
163 X X X
164 X X X X X
165 X X X X X
166 X X X
167 X X X
168 X X X X X
169 X X X X X X X X
170 X X X X X
171 X X X X X X X X
172 X X X X X X X X
173 X X X X X

















176 X X X X X
177 X X X
178 X X X X
179 X X X X X X
180 X X X
181 X X X X X X X
182 X X X X
183 X X X X X X X
184 X X X X X X X
185 X X X X
186 X X X X
187 X X X X
188 X X X
189 X X X
190 X X X X
191 X X X X
192 X X X X X
193 X X X X
194 X X X X X X X
195 X X X X X X X
196 X X X X
197 X X X X X
198 X X X X X X
199 X X X
200 X X X X X X
201 X X X
202 X X X
203 X X X
204 X X X
205 X X X
206 X X X
207 X X X
208 X X X X X X
209 X X X
210 X X X X X X X X
211 X X X X
212 X X X X X X X X
213 X X X X
214 X
215 X X X X X X X
216 X X X X
217 X X X X X X X
218 X X X
219 X X X X X X
220 X X X
















222 X X X X X
223 X X
224 X X X X X
225 X X X X X X
226 X X X
227 X X X
228 X X X X X X X X
229 X
230 X X X X X
231 X X X X X X
232 X X X X X X X
233 X X X X X
234 X X X X
235 X
236 X X X X X X X
237 X X X
238 X X X X X X
239 X X X X
240 X X X X X X
241 X X
242 X X X
243 X X
244 X X X
245 X X X X X
246 X X X X X X X
247 X X X X X X
248 X X X X X X X X
249 X X X
250 X X X X X X X X
251 X X X X X X X X
252 X X X X X X X
253 X X X
254 X X X X X
255 X X X X
256 X X X
257 X X X X X
258 X X
259 X X
260 X X X X X
261 X X
262 X X
263 X X X X X
264 X X X X X X
265 X X X X
266 X X X
















268 X X X X X X X
269 X X X
270 X
271 X X
272 X X X
273 X X X X






280 X X X
281 X
282 X X X
283 X X X
284 X X X X
285 X X X
286
287 X X




292 X X X X X X
293 X X X
294 X
295 X X X X X
296 X X X






303 X X X X
304
305 X X X X X
306 X X
307 X X X X X X X
308 X X X X X
309 X X X
310 X X X
311 X X























320 X X X
321 X X
322 X X
323 X X X X X X X
324 X X X X X X X X
325 X X X
326 X X X X X X X
327 X X X X X X X
328 X
329 X X
330 X X X
331 X X
332 X X X X X
333 X X
334 X X
335 X X X
336 X X
337 X X X
338 X X X
339 X X X X X
340 X X X X
341 X X X X
342 X X X X X
343 X X X
344 X X X
345 X X X X X
346 X X X X X
347 X X X
348
349 X X
350 X X X X X
351 X X X
352 X X
353 X X X X X
354 X X X X X X X
355 X X
356 X X X X


















360 X X X
361 X X
362 X X X
363 X
364 X X X X X X X
365 X X X





371 X X X X
372






379 X X X X X
380 X X X
381 X X X
382 X X X
383
384 X X X
385 X X X
386
387
388 X X X
389 X X
390 X X X
391




396 X X X
397 X
398 X X X X X X X
399 X X X X X
400 X X
401
402 X X X




















408 X X X
409 X X X
410 X X X
411
412 X X X X X
413 X X
414 X X X




419 X X X
420
421 X X X








430 X X X
431 X X X X X
432











444 X X X
445 X
446 X X X
447 X X
448 X X X X X
449 X X



























462 X X X
463 X
464 X X X X X
465
466 X X
467 X X X X
468
469





















491 X X X
492 X X




















498 X X X X X
499 X































531 X X X
532 X
533 X X X







541 X X X
542 X























551 X X X X
552 X X X
553





559 X X X X X X
560
561 X X X
562 X X
563 X X
564 X X X
565
566 X X X X













580 X X X X X
581 X X X
582
583 X X
584 X X X
585
586 X X


























598 X X X X X X
599 X X X X X
600
601 X
602 X X X
603 X X X
















620 X X X X X X
621
622
623 X X X

























































































683 X X X






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Total 225 286 251 287 117 242 545 486
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